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ABSTRACT
J u v e n i le  a le w i f e ,  A losa pseudoharengus (W ilson), in  
th e  n u r s e ry  a re a  o f  th e  James R iv e r ,  V i r g i n i a  u s u a l ly  
e x h ib i t e d  a b im odal d iu r n a l  fe e d in g  p e r i o d i c i t y .  Mature 
c a l a n o id  and c y c lo p o id  copepods, c o p ep o d ite  s ta g e s  of 
copepods, and c la d o c e ra n s  were predom inant p rey  du ring  the 
day . N o c tu rn a l  fe e d in g  on o s t r a c o d s ,  o l i g o c h a t e s ,  and 
immature and m ature  i n s e c t s  was o c c a s io n a l ly  n o te d .  In  
g e n e r a l ,  e l e c t i v i t y  (E) was s t r o n g ly  p o s i t i v e  f o r  the  la rg e  
a d u l t  copepods Eurytem ora a f  f i n i s , Cyclops v e r n a l i s , and the  
c la d o c e ra n  L ep todora  k i n d t i i , m o d era te ly  p o s i t i v e  fo r  the  
c la d o c e ra n s  Bosmina s p p . ,  n e u t r a l  f o r  c o p e p o d i te s ,  
m o d e ra te ly  n e g a t iv e  fo r  the  c la d o c e ra n  Diaphanosoma 
b rachyurum , and s t r o n g ly  n e g a t iv e  f o r  copepod n a u p l i i .  The 
e f f e c t s  o f  s e l e c t i v e  p re d a t io n  on the  zo op lank ton  community 
were n o t  a s  pronounced as  th o se  found in  la k e  env iro nm en ts ,  
a l th o u g h  th e  r e l a t i v e l y  sm all  Bosmina spp . in c r e a s e d  in  
abundance d u r in g  th e  p e r io d  o f  maximum u t i l i z a t i o n  o f  the  
n u r s e r y  a r e a  by a lo s in e  f i s h e s  in  bo th  y e a r s .
Energy t r a n s fo rm a t io n s  by j u v e n i l e  a le w i fe  in  the  
n u r s e ry  a r e a  o f  th e  James R iver were e s t im a te d  in  1972 and 
1973 by f i e l d  and l a b o r a to r y  m ethods. P re l im in a ry  
e s t im a t io n s  of d a i l y  r a t i o n s  were de te rm ined  d i r e c t l y  by 
a s h - f r e e  c a l o r i c  v a lu e  o f  stomach c o n te n ts  in  a le w ife  
c o l l e c t e d  e v e ry  t h r e e  ho u rs  d u r in g  27-h o u r  s t a t i o n s ,  w ith  
l a b o r a to r y - d e r iv e d  c o r r e c t i o n s  a p p l i e d  f o r  c a l o r i c  va lue  
rem a in in g  from p r i o r  m eals a t  mean en v iro n m en ta l  te m p e ra tu re .  
P e rc e n t  e g e s te d  o f  th e  c a l o r i c  c o n te n t  o f  i n g e s ta  was 
e s t im a te d  i n  th e  l a b o r a to r y .  Mean wet w e ig h t of a l l  f i s h  
c o l l e c t e d  each  month was c o n v e r te d  to  dry w e igh t and c a l o r i c  
e q u iv a le n t  based  on c a l o r i c  a n a l y s i s  o f  ten  f i s h  each 
m onth, and th e  d i f f e r e n c e s  in  c a l o r i c  v a lu e  between time 
i n t e r v a l s  were c a l c u l a t e d  fo r  e s t im a t io n  o f  growth r a t e s .
The c a l o r i c  v a lu e  o f  the  rem a in d e r ,  a f t e r  growth was 
s u b t r a c t e d  from a s s i m i l a t i o n ,  was a s s ig n e d  to  m ain tenance , 
s in c e  l a b o r a to r y  e s t im a te s  of r e s p i r a t i o n  r a t e s  were 
c o n s i s t e n t l y  h ig h  p o s s ib ly  due to  h a n d l in g  of the  e x c i t a b l e  
f i s h .
A s h - f re e  c a l o r i c  v a lu e  o f  f i s h  b io c o n te n t ,  d a i ly  
r a t i o n ,  e g e s t a ,  a s s i m i l a t i o n ,  and r e s p i r a t i o n  fo r  an average  
f i s h  in c r e a s e d  from e a r l y  summer through September in  each 
y e a r .  Growth, as  p e rc e n t  o f  a s s i m i l a t e d  e n e rg y , was 48% in  
1972 and 37% in  1973 r e s p e c t i v e l y .  Mean m ain tenance  
e f f i c i e n c y  was 52% in  1972 and 63% in  1973. Lower w a te r  
te m p e ra tu re s  in  1972 may p a r t i a l l y  accoun t f o r  th e se  
d i f f e r e n c e s .
x
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ABSTRACT
J u v e n i le  a le w ife  in  th e  n u rs e ry  a r e a  o f  the  James 
R iv e r  d u rin g  1972 and 1973 u s u a l ly  e x h ib i t e d  a bimodal 
d iu r n a l  fee d in g  p e r i o d i c i t y .  M ature c a la n o id  and cy c lo p o id  
copepods, copepo d ite  s ta g e s  o f  copepods, and c la d o ce ran s  
were predom inant prey  du rin g  the  day. N o c tu rn a l  fe e d in g  on 
o s t r a c o d s ,  o l ig o c h a e t e s , and immature and a d u l t  i n s e c t s  
was o c c a s io n a l ly  n o te d .  In  g e n e r a l ,  e l e c t i v i t y  (E) was 
s t r o n g ly  p o s i t i v e  f o r  the  la rg e  a d u l t  copepods Eurytemora 
a f f i n i s ,  Cyclops v e m a l i s , and Mesocyclops edax and th e  
c la d o c e ra n  L eptodora  k i n d t i i , m o dera te ly  p o s i t i v e  f o r  the  
c la d o ce ran s .  Bosmina s p p . ,  n e u t r a l  f o r  c o p e p o d i te s ,  
m o d era te ly  n e g a t iv e  f o r  the  c la d o c e ra n  Diaphanosoma 
brachyurum , and s t r o n g ly  n e g a t iv e  f o r  copepod n a u p l i i .  The 
e f f e c t s  o f s e l e c t i v e  p re d a t io n  on th e  zooplankton  community 
were n o t  as  pronounced as those  found in  lake  env ironm en ts , 
a l th o u g h  the  r e l a t i v e l y  sm all  Bosmina spp. in c re a s e d  in  
abundance d u r in g  the  p e r io d  o f  maximum u t i l i z a t i o n  o f  the  
n u rs e ry  a re a  by a lo s in e  f i s h e s  in  bo th  y e a r s .
2
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INTRODUCTION
f
This r e p o r t  summarizes a  two y e a r  i n v e s t i g a t i o n  o f  
f e e d in g  p e r i o d i c i t y ,  food h a b i t s ,  and fee d in g  s e l e c t i v i t y  in  
j u v e n i l e  a le w i f e ,  A losa pseudoharengus (Wilson) in  the  
n u r s e r y  a re a  of th e  James R iv e r ,  V i r g in ia .
Anadromous a le w ife  a r e  found from Newfoundland 
(W in te rs ,  Moores, and Chaulk, 1973) to  N orth  C a ro l in a  
(Bigelow and Schroeder, 1953). Spawning occu rs  i n  f r e s h  or 
b r a c k i s h  w a te r  s tream s and a c c e s s i b le  ponds (B e ld ing , 1921), 
and m ig ra t io n  to  th e  p a re n t  s tream  may o ccu r  (Thunberg,
1971). Water tem p era tu re  a f f e c t s  th e  t im ing  o f  th e  
spawning m ig ra t io n  (S a i la  e t  a l . ,  .1972; R ichkus, 1974).
Ripe f i s h  a re  taken  in  th e  James R iv er  from e a r l y  F ebruary  
th rou gh  mid May (Davis e t  a l . ,  1970). F e r t i l i z e d  eggs 
a d h e re  to  any a v a i la b le  s u b s t r a t e  and 5 mm la rv a e  emerge in  
two to  s i x  days depending on w a te r  tem p era tu re  (Joseph  and 
D av is ,  1965). T ran sfo rm a tio n  i n to  th e  j u v e n i l e  form ta k e s  
p la c e  a t  abou t 28 mm (M ansueti and Hardy, 1967). Young 
a le w i f e  rem ain in  f r e s h  o r  b ra c k is h  w a te r  th rough  the  
summer and begin  a seaward movement w ith  f a l l i n g  autumn 
w a te r  te m p e ra tu re s .  Sexual m a tu r i ty  occurs  in  th r e e  to  fou r  
y e a r s  and a g iven  y e a r  c l a s s  may c o n t r ib u te  s i g n i f i c a n t l y  
t o  spawning runs f o r  fo u r  to  s ix  seasons (Davis e t  a l . ,  
1970).
Feeding p e r i o d i c i t y  o f  j u v e n i l e  a le w ife  in  th e  n u rs e ry  
g rounds i s  unknown. Landlocked a d u l t  a le w ife  feed
3
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4p r i n c i p a l l y  d u r in g  th e  day (Emery, 1973), and ju v e n i l e s  o f  
c lo s e l y  r e l a t e d  b lu eb a ck  h e r r i n g  (A losa  a e s t i v a l i s )  feed  
a c t i v e l y  d u r in g  the  day w ith  maximum stomach f u l ln e s s  a t  
dusk (B urb idge , 1974). Feeding  chrono logy  s tu d ie s  on 
o th e r  f i s h e s  i n d i c a t e  a wide v a r i e t y  o f fee d in g  a c t i v i t i e s  
(D a rn e l l  and M e ie ro t to ,  1962; K eas t and Welsh, 1968; Mathur, 
1971; Mathur and R obbins, 1971; Mathur, 1973; Swenson and 
Sm ith, 1973; Baumann and K i t c h e l l ,  1974). Feeding 
p e r i o d i c i t y  i n v e s t i g a t i o n s  a id  in  u n d e rs ta n d in g  n a t u r a l  
p a t t e r n s  o f  food in ta k e  and in  fo rm u la t in g  d a i ly  r a t i o n  
e s t im a te s  (C hap te r  I I ) .
Foods o f  j u v e n i l e  a le w ife  in  a q u a n t i t a t i v e  sen se  a re  
unknown f o r  th e  anadromous p o p u la t io n .  The p r i n c i p a l  food 
organism s a re  immature and m atu re  copepods, c la d o c e ra n s ,  
and o s t ra c o d s  (B e ld in g , 1921; Davis and Cheek, 1967; Davis 
e t  a l . ,  1970). S e l e c t i v e  fe e d in g  on la r g e  z o o p la n k te rs  and 
i t s  e f f e c t  upon th e  p la n k to n  community has been e s t a b l i s h e d  
f o r  lan d lo ck ed  p o p u la t io n s  o f  a le w i f e  (Brooks and Dodson, 
1965; Brooks, 1968; Norden, 1968; H utch inson , 1971; Warshaw, 
1972). J u v e n i le  b lu eb ack  h e r r i n g  in  the  James R iver 
s e l e c t e d  f o r  l a r g e  a d u l t  copepods and a g a in s t  copepod 
n a u p l i i ;  s e l e c t i o n  was m odera te  to  weak f o r  co pepod ite s  
and Bosmina sp . (B urb idge, 1974). V arious l i f e  s ta g e s  of 
y e l lo w  perch  ( G a lb r a i th ,  1967; S i e f e r t ,  1972; Wong and Ward,
1972), w a lleye  (Houde, 1967), g i z z a r d  shad (Cramer and 
M arzo lf ,  1970), bigmouth b u f f a lo  ( S ta r o s tk a  and A pplegate , 
1970), rainbow t r o u t  ( G a lb r a i th ,  1967), em erald s h in e r ,
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5rainbow  sm e lt ,  and b l u e g i l l  ( S i e f e r t ,  1972) a re  known to  
e x h ib i t  d i f f e r i n g  d eg rees  o f  s i z e - s e l e c t i v e  b e h a v io r .  Food 
and fe e d in g  e l e c t i v i t y  s tu d i e s  a re  u sed  in  d e s c r i p t io n s  o f 
feed ing  b e h a v io r  o f  f i s h e s ,  i n t e r -  and i n t r a s p e c i f i c  
co m p e ti t io n  among f i s h e s ,  and i n t e r s p e c i f i c  r e l a t i o n s h i p s  
between a p r e d a to r  and i t s  p re y .  Recent c o n s t r u c t iv e  
c r i t i c i s m s  o f  I v l e v ' s  (1961) index  o f  e l e c t i v i t y  (O 'B rien  
and V inyard , 1974) a r e  c o n s id e re d  in  t h i s  e l e c t i v i t y  
a n a ly s i s  o f  j u v e n i l e  a le w i f e .
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STUDY AREA
The James R iver d ra in s  a 26,000 km2 b a s in  in  th e  539 
km from i t s  o r ig in  in  w e s te rn  V i r g in ia  to  i t s  mouth a t  
Hampton Roads (Va. Div. Water R eso u rces ,  1969). T id a l  
f l u c t u a t i o n s  ex tend  176 km from Hampton Roads to  th e  f a l l  
l i n e  a t  Richmond, and s a l tw a t e r  in t r u d e s  an average  65 km 
(Brehmer and H a ltiw an g er ,  1966). Average f r e s h w a te r  flow 
as  measured a t  C a r t e r s v i l l e  i s  198 m3/ s .  The maximum 
d isc h a rg e  on r e c o rd  was 10,300 ma / s  (June 23, 1972) d u r in g  
T ro p ic a l  Storm Agnes (U.S. Dept. I n t e r i o r ,  1973).
The upper 89 km o f  the  t i d a l  p o r t io n  o f  th e  James 
R iver i s  c h a r a c t e r i z e d  by abundant p h y to p la n k to n ,  s c a r c i t y  
o f  b e n th o s ,  h igh  c o n c e n t r a t io n  o f  phosphorus and o rg a n ic  
n i t r o g e n ,  heavy p a r t i c u l a t e  lo ad ,  and low d i s s o lv e d  oxygen 
c o n c e n t r a t io n s  a t  tim es due to  dom estic  and i n d u s t r i a l  
e f f l u e n t s  from Richmond and Hopewell (Brehmer and 
H a lt iw a n g e r ,  1966; Brehmer, 1967). The r i v e r  in  th e  
v i c i n i t y  o f  Hopewell (115-125 km from the  mouth) was chosen 
fo r  s tudy  because  zoop lank ton  abundance i s  very  h igh  
r e l a t i v e  to  th e  rem ainder o f  the  n u rs e ry  a re a  (B urb idge, 
1974), and y o u n g -o f - th e -y e a r  a lo s in e s  a re  numerous (Davis 
e t  a l . ,  1970).
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MATERIALS AND METHODS
Feeding P e r i o d ic i t y  - Food. A 12-m inute su r fa c e  tow and a 
midwater tow (approx im ate ly  5 m) f o r  ju v e n i l e  a le w ife  were 
made w i th  a l . 5 m x l . 5 m  Cobb t r a w l  (13 mm mesh w i th  4 mm 
cod end l i n e r )  from an 11 m v e s s e l  (W.K. Brooks) a t  a speed 
o f  about 3 .8  k n o ts .  Tows were r e p e a te d  every  th r e e  hours 
du ring  a c o n se c u t iv e  27-hour p e r io d  b eg in n ing  one hour 
b e fo re  s u n r i s e  once each month from J u ly  th rough  September 
1972 and June th rough  September 1973. F lood ing  due to  
T ro p ic a l  Storm Agnes p rec lu d ed  th e  schedu led  June 1972 
sample. From June through A ugust, f iv e  sample i n t e r v a l s  
each 27-hour p e r io d  were w i th in  p red o m in a te ly  d a y l ig h t  hours  
and fo u r  sample i n t e r v a l s  were w i th in  n i g h t  p e r io d s ;  the  
o p p o s i te  sample a l l o c a t i o n  o c cu rred  d u r in g  September in  
bo th  y e a r s .
Up to  25 a le w ife  from each s u r f a c e  o r  m idw ater tow 
were f ro zen  on dry ice  in  s e a le d  p l a s t i c  bags f o r  a n a ly s i s  
o f  fee d in g  p e r i o d i c i t y .  Up to  5 a le w ife  from each tow were 
p re s e rv e d  in  107> b u f fe re d  fo rm a lin  f o r  food h a b i t s ,  
fee d in g  p e r i o d i c i t y ,  and fee d in g  e l e c t i v i t y  a n a ly s e s .  F ish  
p la c e d  in  fo rm alin  d id  n o t  r e g u r g i t a t e  stomach c o n te n ts .
In  some case s  an a d d i t i o n a l  12-m inute s u r f a c e  or m idw ater 
tow was taken  d u r in g  a sample i n t e r v a l  i f  an in ad eq u a te  
number o f  a le w ife  was o b ta in ed  in  th e  s ta n d a rd  tow regim e.
Frozen a le w ife  were thawed in  a r e f r i g e r a t o r ,  measured 
to  the  n e a r e s t  1 .0  mm ( fo rk  l e n g th ) ,  and weighed to  the
7
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8n e a r e s t  0 .1  g a f t e r  removal o f  excess  m o is tu re .  Stomach 
c o n te n ts  from each  f i s h  were removed u n d e r  a d i s s e c t i n g  
m ic roscope  and weighed to  th e  n e a r e s t  0 .1  mg.
P re s e rv e d  f i s h  were t r e a t e d  s i m i l a r l y  to  f ro ze n  f i s h  
e x ce p t  stomach c o n te n ts  were pooled  f o r  each d ep th  and 
sample tim e a f t e r  i n d iv i d u a l l y  w eighing  f o r  feed in g  
p e r i o d i c i t y .  By combining stomach c o n te n t  w eigh ts  o f  
p re s e rv e d  and fro zen  f i s h ,  fee d in g  p e r i o d i c i t y  was 
d e te rm in e d  by the  change in  mg food /g  f i s h  (a measure o f  
stomach f u l l n e s s )  over a 27-hour p e r io d .  The poo led  
c o n te n ts  from p re se rv e d  f i s h  were examined in  a g r id d e d  
p e t r i  d i s h  (5 ,809 mm2 ) under a d i s s e c t i n g  m icroscope  fo r  
d e s c r i p t i o n  o f  food h a b i t s . A l l  p rey  s p e c ie s  w i th in  f iv e  
randomly s e l e c t e d  g r id s  (912 mms) were i d e n t i f i e d  and 
c o u n ted ,  and th e  t o t a l  number o f  each s p e c ie s  was then  
c a l c u l a t e d  f o r  each sample tim e.
Z o o p la n k to n . Two 3-m inute  p lank ton  tows were made a t  both  
s u r f a c e  and m idw ater w ith  a Clark-Bumpus sam ple r , equipped 
w i th  a  #20 (0 .080  mm) mesh n e t  and flow m e te r ,  every  th re e  
ho u rs  c o n c u r r e n t ly  w ith  the  f i s h  tows. Zooplankton  were 
p re s e rv e d  in  a s o lu t io n  o f  soap , congo r e d ,  and 5% fo rm a lin .  
Each sample was d i l u t e d  to  a  s ta n d a rd  volume (125 ml) w ith  
w a te r ,  and th r e e  1 ml subsam ples were i n d iv i d u a l l y  examined 
in  a g r id d e d  p e t r i  d i s h .  A l l  z o o p la n k te r s ,  excep t R o t i f e r a ,  
w i th in  f i v e  randomly s e l e c te d  g r id s  were i d e n t i f i e d  and 
enum erated  u n d e r  a d i s s e c t i n g  m icro sco pe . The average
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9number o f  each s p e c ie s  pe r  l i t e r  o f  w a te r  sampled was 
c a l c u l a t e d  f o r  each sample and v a lu e s  f o r  r e p l i c a t e  dep th  
samples were averaged .
E l e c t i v i t y . Feeding  e l e c t i v i t y  ( s e l e c t i v i t y )  o f  j u v e n i l e  
a le w ife  was c a l c u l a t e d  each month by r e l a t i n g  th e  p e rc e n t  
o f  each sp e c ie s  in  b o th  s u r f a c e  and m idw ater p lan k to n  
samples d u r in g  the  day to  th e  p e rc e n t  o f  each  s p e c ie s  in  
th e  stomachs o f  f i s h  c o l l e c t e d  a t  b o th  s u r f a c e  and 
m idw ater d u r in g  th e  day by I v l e v ' s  (1961) index  o f  
e l e c t i v i t y :
r i  -  p i  
E = ------------
r  • + p •1
where : E = e l e c t i v i t y
r ^  = p e rc e n t  o f  s p e c ie s  i  in  the  stomach 
p^ = p e rc e n t  o f  s p e c ie s  i  in  the  p lan k to n  
E l e c t i v i t y  v a lu e s  range  from -1 ( t o t a l  s e l e c t i o n  a g a i n s t  a 
s p e c ie s )  to  +1 ( t o t a l  s e l e c t i o n  f o r  a s p e c i e s ) ;  a v a lue  
n e a r  0 im p l ie s  no a c t i v e  s e l e c t i o n .
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RESULTS
Feeding P e r i o d i c i t y . Wet w eigh ts  o f  stomach c o n te n t s  from 
677 j u v e n i l e  a le w ife  in  1972 and 1261 f i s h  in  1973 were 
used  to  d e f in e  the  feed in g  p e r i o d i c i t y .  In 1972, stomachs 
o f  f i s h  c o l l e c t e d  a t  m idw ater g e n e r a l ly  c o n ta in e d  more food 
a t  a g iven  sample tim e than  th o se  a t  th e  s u r f a c e .  I n  1973, 
no d e f i n i t e  t r e n d  was a p p a re n t .  So, o v e r a l l  fe e d in g  
p e r i o d i c i t y  was d e f in e d  by av e rag in g  wet w eigh t food (mg)/ 
wet w eigh t f i s h  (g) f o r  f i s h  c a p tu re d  a t  b o th  s u r f a c e  and 
m idw ater f o r  each sample tim e (F ig s .  1 and 2 ) .
The range in  food in ta k e  was u s u a l ly  more pronounced 
du rin g  p e r io d s  o f  peak fe e d in g ,  bu t  average  v a lu e s  showed a 
d e f i n i t e  fee d in g  t r e n d .  Feeding  began n e a r  dawn and a minor 
fe e d in g  peak o ccu rred  d u r in g  th e  e a r ly  morning ho u rs  in  Ju ly  
1972 and J u ly  th rough  September 1973. During th e  l a t e  
morning hours fee d in g  i n t e n s i t y  was reduced . A c tiv e  feed in g  
began a g a in  in  th e  e a r l y  a f te rn o o n  and c o n tin u ed  to  a m ajor 
peak abou t th r e e  hours b e fo re  s u n s e t  in  a l l  months excep t 
Spetember 1972 and 1973 when th e  maximum stomach f u l l n e s s  
o c cu rred  n e a r  s u n s e t .  Feeding d u rin g  th e  n ig h t  was l i g h t  
and d ig e s t io n  was the  prom inent p ro c e s s .  The moon, a t  
q u a r t e r  s t a g e ,  was v i s i b l e  on only  one sample n i g h t  ( Ju ly
1973), and no in c r e a s e  in  n o c tu rn a l  fe e d in g  by a le w i f e  was 
observed .
Although f i s h  c a p tu re d  l a t e r  in  the  season in  b o th  
y e a rs  had more food in  the  stomachs a t  peak fe e d in g  tim es
10
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on an a b s o lu te  w eigh t b a s i s ,  th e  p ro p o r t io n  o f  stomach 
w e ig h t to  f i s h  w eigh t d e c rea se d  each month f o r  b o th  y e a r s ,  
e x ce p t  in  September 1973. Stomach c o n te n ts  were g r e a t e s t  
f o r  bo th  y e a rs  du ring  the  m inor morning and m ajor evening 
peaks in  J u ly  1972, abou t th r e e  weeks a f t e r  m assive 
f lo o d in g  by T ro p ic a l  Storm Agnes.
Food. The stomach c o n te n ts  o f  209 a le w ife  in  1972 and 298 
f i s h  in  1973 c o l l e c t e d  a t  b o th  s u r fa c e  and m idw ater were 
examined f o r  food a n a ly s i s  (T ables 1 and 2 ) .  Mean t o t a l  
number o f  organisms p e r  stomach and mean w eigh t o f  stomach 
c o n te n ts  were g r e a t e s t  du ring  th e  d a y l ig h t  h o u rs .  The 
h igh  number o f  organism s in  th e  stomachs o f  f i s h  c o l l e c t e d  
a t  n ig h t  d u r in g  September 1972 and 1973 was m ostly  a 
r e f l e c t i o n  of th e  2100 EST n ig h t  sample which c o n ta in e d  a 
l a r g e  p o r t io n  o f  u n d ig e s te d  organisms presumably from th e  
p r i o r  d a y l ig h t  feed in g  p e r io d .  No com ple te ly  empty stomachs 
were found during  th e  day, b u t  were f r e q u e n t ly  en co u n te red  
d u r in g  th e  n ig h t .  The average  number o f prey  p e r  stomach 
f o r  day samples g iv es  th e  b e s t  i n d i c a t i o n  o f  im portance  fo r  
p rey  ta x a ,  s in c e  a c t iv e  fee d in g  by a le w ife  o ccu rred  m ain ly  
d u r in g  th e  day, ex cep t on m ature  i n s e c t s .  Copepod n a u p l i i  
were n e v e r  a m ajor item  in  a le w ife  stom achs, b u t  co p ep o d ite  
s ta g e s  were im p o rtan t .  A dult c a la n o id  copepods, m ain ly  
Eurytemora a f f i n i s  and r a r e l y  Diaptomus r e i g h a r d i , were a 
dominant food e s p e c i a l l y  in  1972. Average number o f  
c a la n o id s  in  th e  stomachs d ec reased  from J u ly  th rough  
September 1972 and in c re a s e d  from June th rough  September
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1973. Average number o f  c y c lo p o id  copepods, m ain ly  Cyclops 
v e m a l i s  and M esocyclops edax and r a r e l y  Eucyclops a g i l i s , 
g e n e r a l l y  in c r e a s e d  in  th e  stomachs each month i n  b o th  
y e a r s .  The h a r p a c t i c o i d  copepod, Canthocamptus 
r o b e r t c o k e r i , was found in  stomachs only in  August 1973.
C la d o c e ra n s ,  m ain ly  Bosmina spp. (B^ l o n g i r o s t r i s  and
B. c o r e g o n i ) , Diaphanosoma brachyurum , and Leptodora  
k i n d t i i , and l e s s  commonly A lo n e l la  a c u t i r o s t r i s , Moina 
b r a c h i a t a ,  I ly o c ry p tu s  s p i n i f e r , Camptocercus m ac ru ru s , 
L ey d ig ia  a c a n th o c e r c o id e s , and q u a d r a n g u la r i s , were found 
in  g r e a t e r  numbers in  th e  stomachs as th e  season  p ro g re s se d .  
The o s t r a c e d ,  P h y so cy p ria  e x q u i s i t a , was found o c c a s io n a l ly  
in  stom achs d u r in g  1972 and was a common i tem  in stomachs 
d u r in g  1973.
The o l i g o c h a e t e ,  P r i s t i n a  b r e v i s e t a , and immature 
i n s e c t s ,  Chaoborus spp . and P ro c la d iu s  s p . ,  were consumed 
i r r e g u l a r l y  and in  r e l a t i v e l y  sm a ll  numbers. Mature 
i n s e c t s ,  m ain ly  m inu te  H em iptera , D ip te ra ,  and Hymenoptera, 
were u s u a l ly  p rom inent in  stomachs o f  f i s h  c a p tu re d  n e a r e s t  
pre-dawn and p o s t -d u s k .  Most o f  the  w eigh t in  stomachs 
d u r in g  th e  n ig h t  was due to  m ature  i n s e c t s  and w eighable  b u t  
m o s tly  u n i d e n t i f i a b l e  rem ains o f  o th e r  p re y .
Z o o p la n k to n . During J u ly  and August 1972, t o t a l  zooplankton  
s ta n d in g  crop  over 27 hours  a t  s u r f a c e  and m idw ater was 
r e l a t i v e l y  low (F ig .  3 ) .  T his was p o s s ib ly  due to  f lo o d  
and g e n e r a l  h ig h  w a te r  c o n d i t io n s  p receed in g  the  sample
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d a te s .  S tand ing  c rop  in c r e a s e d  a p p re c ia b ly  in  September 
1972 due m ain ly  t o  in c r e a s e d  abundance o f  Bosmina spp .
There were no m ajor changes in  zoo p lank ton  s ta n d in g  crop 
from June th rough  September 1973.
There was no d i r e c t  c o r r e l a t i o n  between peak fe e d in g  
t im es shown by fe e d in g  p e r i o d i c i t y  o f  a le w ife  and t o t a l  
p lan k to n  abundance. Zooplankton was g e n e r a l ly  more abundant 
a t  m idw ater d u r in g  th e  day in  bo th  y e a r s .  S tan d in g  c rop  in
1972 was u s u a l ly  h ig h e s t  a t  th e  s u r f a c e  a t  n i g h t ,  b u t  no 
d e f i n i t e  p a t t e r n  was e v id e n t  i n  1973,
N a u p l i i ,  g e n e r a l ly  th e  p redom inant organism s in  the  
zoop lank ton  (F ig s .  4 and 5 ) ,  were alw ays more abundant a t  
th e  s u r f a c e  d u ring  th e  day and n ig h t  i n  1972. S tand in g  
crop  in  th e  day was h ig h e s t  a t  the  s u r f a c e  in  June and J u ly
1973 and a t  m idw ater l a t e r  in  the  se a so n . N a u p l i i  were 
u s u a l ly  more abundant a t  m idw ater d u r in g  th e  n i g h t  i n  1973.
S tand ing  crop  o f  Bosmina spp. was r e l a t i v e l y  h ig h  each 
month, w i th  peaks o c c u r r in g  i n  September o f  b o th  y e a r s .  
C opepodites were u s u a l ly  l e s s  abundant th an  Bosmina.
Numbers o f  Bosmina and c o p e p o d i te s  were g e n e r a l ly  h ig h e s t  a t  
m idw ater d u r in g  th e  day and a t  the  s u r f a c e  a t  n i g h t ,  a l th o u g h  
d i f f e r e n c e s  between dep th s  a t  n ig h t  were o f t e n  sm a ll .
The copepods Eurytemora a f f i n i s , Cyclops v e m a l i s , and 
M esocyclops edax and the  c la d o c e ra n  Diaphanosoma brachyurum 
o c cu rred  r e g u l a r ly  in  m odera te  numbers. E_j_ a f  f i n i s  and
C. v e m a l i s  were u s u a l ly  more abundant a t  m idw ater d u ring  
the  day and a t  the  s u r f a c e  a t  n i g h t .  Abundance o f  edax
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and brachyurum was u s u a l ly  h ig h e s t  a t  m idw ater d u rin g  
b o th  th e  day and n i g h t .
The seven organisms c i t e d  above accoun ted  f o r  a m onthly  
average  o f  no l e s s  th an  96% o f  th e  p la n k to n  d u r in g  the  day. 
The copepods Diaptomus r e i g h a r d i ,  E ucyclops a g i l i s , and 
Canthocamptus r o b e r t c o k e r i , th e  c la d o c e ra n s  I ly o c r y p tu s  
s p i n i f e r , Daphnia ambigua, D^_ p a r v u la , Moina b r a c h i a t a ,  
A lo n e l la  a c u t i r o s t r i s , Camptocercus m a c ru ru s , L ey d ig ia  
a c a n th o c e rc o id e s , L. q u a d r a n g u la r i s , Alona g u t t a t a , A. 
q u a d r a n g u la r i s , and L ep todora  k i n d t i i . th e  o s t ra c o d  
P hy socyp ria  e x q u i s i t a , th e  c l ig o c h a e te  P r i s t i n a  b r e v i s i t a , 
immature and m ature  i n s e c t s ,  and c o n ch o s tra ca n s  were 
e n co u n te re d  in  v a r i a b l e  b u t  u s u a l ly  low abundance in  th e  
p la n k to n .
E l e c t i v i t y . A lthough n a u p l i i  were always abundant in  the  
w a te r  d u r in g  the  day, a le w ife  e x h ib i t e d  a s t ro n g  n e g a t iv e  
s e l e c t i o n  (F ig . 6 ) .  A lew ife  had a m o d era te ly  n e g a t iv e  to  
weakly p o s i t i v e  s e l e c t i o n  f o r  c o p e p o d i te s .  E l e c t i v i t y  f o r  
co p ep o d ite s  was low est in  September o f  b o th  y e a rs  when 
Bosmina abundance was very  h ig h .  S e le c t io n  was s t ro n g ly  
p o s i t i v e  f o r  a d u l t  Eurytemora a f f i n i s  in  b o th  y e a r s .  
E l e c t i v i t y  fo r  Cyclops v e m a l i s  was weakly n e g a t iv e  to  
m o d era te ly  p o s i t i v e  in  1972 and s t r o n g ly  p o s i t i v e  from J u ly  
th rough  September 1973. S e le c t io n  was g e n e r a l ly  s t ro n g  f o r  
Mesocyclops ed ax .
A lew ife  fed  h e a v i ly  on Bosmina spp . when th e  organism s 
were ve ry  abundan t, and s e l e c t i o n  was m o d era te ly  p o s i t i v e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
15
i n  most m onths. E l e c t i v i t y  f o r  Diaphanosoma brachyurum 
was m odera te ly  to  s t r o n g ly  n e g a t iv e  ex cep t  in  August 1973. 
A lew ife  s e l e c t i o n  f o r  Leptodora  k i n d t i i ,  which was n e v e r  
abundant in  the  p la n k to n ,  was s t r o n g ly  p o s i t i v e .
The e ig h t  p rey  sp e c ie s  c i t e d  above acco un ted  f o r  no 
l e s s  than  88% o f  th e  stomach c o n te n ts  d u r in g  th e  day fo r  
each sample month.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
DISCUSSION
J u v e n i le  a le w ife  in th e  n u rs e ry  a re a  a re  p redom inan tly  
d iu r n a l  in  t h e i r  fee d in g  b e h a v io r ,  su g g e s t in g  v i s i o n  as an 
im p o r ta n t  sense  f o r  fe e d in g .  A c tiv e  fe e d in g  may r e f l e c t  
re sp o n se s  to  a com bination  o f  s t i m u l i ,  such as s u n l ig h t  
l e v e l s  ( t o t a l  r a d i a t i o n  i n t e n s i t y  o r  an g le  o f  l i g h t  
in c id e n c e ) ,  hun ger,  o r prey  a v a i l a b i l i t y .  Peak fe e d in g  
p e r io d s  d id  n o t  u s u a l ly  co rrespo nd  w i th  d a i l y  maximum t o t a l  
zoop lank ton  d e n s i ty ,  b u t  o p p o r tu n is t i c  f e e d in g  on a d u l t  
i n s e c t s  o ccu rred  n e a r  dawn and dusk. A lew ife  began feed ing  
s h o r t l y  b e fo re  dawn and a minor fee d in g  peak , m ain ly  due to  
zoop lank to n  i n g e s t i o n ,  was o f te n  n o ted  abou t two hours a f t e r  
s u n r i s e .  The m ajor feed ing  p e r io d  o c c u rre d  in  the  l a t e  
a f te rn o o n  abou t t h r e e  hours b e fo re  s u n s e t  in  the  summer 
months and about one hour b e fo re  su n s e t  in  September 1972 
and 1973. C opep od ites ,  c a la n o id  and c y c lo p o id  copepods, and 
c la d o c e ra n s  were th e  predom inant prey o f  a le w ife  d u rin g  the  
day. During the  n i g h t ,  u n d ig e s te d  o r  p a r t i a l l y  d ig e s te d  
rem ains o f  daytime m eals were p re s e n t  in  the  stom achs, 
p a r t i c u l a r l y  in  th e  e a r l i e r  p o r t io n s  o f the n i g h t .
O ccasional n o c tu r n a l  meals o f  immature and a d u l t  i n s e c t s ,  
o s t r a c o d s ,  and o l ig o c h a e te s  were n o ted .  Bimodal d iu r n a l  
fe e d in g  p a t t e r n s  a re  r e p o r te d  f o r  o th e r  f i s h e s ,  such as 
ye llo w  p e rch  (Keast and Welsh, 1968) and b lackbanded  d a r t e r  
(Mathur, 1973).
Burbidge (1974) r e p o r te d  con tinuous fe e d in g  through
16
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th e  day by ju v e n i l e  b lu eb ack  h e r r in g  (A losa  a e s t i v a l i s ) 
b a sed  on stomach w e ig h ts .  Feed ing  commenced a t  dawn and 
te rm in a te d  n e a r  s u n s e t  w ith  maximum stomach f u l l n e s s  
ob se rved  a t  dusk. Massmann (1963) and Levesque and Reed 
(1972) r e p o r t e d  g r e a t e s t  stomach c o n te n ts  in  j u v e n i l e  
American shad (A^ s a p id is s im a )  d u r in g  the  e a r l y  even ing  n e a r  
dusk. Massmann (1963) r e p o r t e d  d e c re a s in g  stomach c o n te n ts  
from m id n ig h t  t o  m idday, when most stomachs were empty.
S ince  th e s e  f i s h  cooccu r  w i th  a le w i fe  in  th e  n u r s e ry  a re a  o f  
th e  James R iv e r  and feed  on s i m i l a r  p re y ,  d i f f e r e n t  tem poral 
fe e d in g  a c t i v i t y  co u ld  l e s s e n  i n t e r s p e c i f i c  c o m p e t i t io n ,  as 
p roposed  by K eas t and Welsh (1968) f o r  f i s h e s  in  Lake 
O pin icon , O n ta r io .
J u v e n i le  a le w i f e  o f  th e  anadromous James R iv e r  
p o p u la t io n  choose p rey  s e l e c t i v e l y ,  as  do lan d lo ck ed  
p o p u la t io n s  (Brooks and Dodson, 1965; Brooks, 1968; 
H utch inson , 1971). O 'B rien  and V inyard  (1974) d is c u s se d  
s e v e r a l  f a c t o r s  t h a t  may a f f e c t  th e  p r e s e n t a t i o n  o f  
e l e c t i v i t y  i n d ic e s :  in  term s o f  d i s t r i b u t i o n ,  v e r t i c a l  and
h o r i z o n t a l  abundance of p rey  may change te m p o ra l ly  and the 
abundance and fe e d in g  l o c a t i o n  o f  the  p r e d a to r  may a l s o  
v a ry .
The p r e s e n t  s tu d y  c o n s id e re d  zoop lank ton  and a le w ife  
c a p tu re d  n e a r  th e  s u r f a c e  and a t  m idw ater in  th e  m id­
channe l a re a  (abou t 10 m d e p th ) .  E l e c t i v i t y  was computed 
from average  p e rc e n ta g e s  o f  s u r f a c e  and m idw ater 
zoop lank ton  and a le w ife  c o n te n ts  ov e r  the  e n t i r e  day, so
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v e r t i c a l  and tem poral d i s t r i b u t i o n a l  e f f e c t s  would be 
av e rag ed . Any h o r i z o n t a l  e f f e c t s ,  such  as d i f f e r e n c e s  in  
p rey  o r  p r e d a to r  a c t i v i t i e s  and com p os it io n  in  sh o a l  w a te r s ,  
would be m issed . D a ily  changes in  fe e d in g  p a t t e r n s  can 
prompt l i t t o r a l  and l im n e t ic  m ig ra t io n  o f  f i s h e s  (Baumann 
and K i t c h e l l ,  1974) and t h i s  cou ld  o c cu r  w ith  a le w i f e .
S ince  s u n l ig h t  i s  r a p i d l y  a t t e n u a t e d  by the  t u r b id  
w a te rs  o f  th e  n u rse ry  a re a  in  the  James R iv e r  (Hoagman 
e t  a l . ,  1973) and s in c e  a le w ife  presum ably s e l e c t  p rey  by 
v i s i o n ,  fe e d in g  must occur p red o m in a te ly  in  n e a r  s u r fa c e  
w a te r s .  However, c a tc h e s  o f  a le w ife  p e r  u n i t  e f f o r t  a re  
u s u a l ly  g r e a t e r  a t  m idw ater d u rin g  th e  day (Hoagman e t  a l . ,  
1973). A lew ife  may p r e f e r  a  m id -d ep th  h a b i t a t  and seek  
p rey  i n t e r m i t t e n t l y  o r ex ten d ed ly  in  upper l i g h t e d  w a te rs  
du rin g  peak feed in g  p e r io d s .  Thus, a le w ife  stomach c o n te n ts  
from bo th  s u r fa c e  and m idw ater samples shou ld  be u sed  in 
the  d e te rm in a t io n s  o f e l e c t i v i t y .  The e l e c t i v i t y  index  
would be a f f e c t e d  by a v e ra g in g  the  d e n s i ty  o f  m idw ater 
z o o p lan k to n , where a le w ife  may n o t  f e e d ,  w ith  s u r f a c e  
abundance. N a u p l i i  tended  to  be more abundant a t  th e  
s u r f a c e  du rin g  the day and a l l  o th e r  o rgan ism s, f o r  which 
e l e c t i v i t y  was c a l c u l a t e d ,  were g e n e r a l ly  more abundant a t  
m idw ater. This method o f  a n a l y s i s ,  however, seems 
j u s t i f i a b l e  u n t i l  the  r e l a t i v e  n u m erica l  in te rc h a n g e  
between s u r f a c e  and m idwater z o o p la n k te rs  i s  a s c e r t a in e d .
A lew ife  s e l e c te d  s t r o n g ly  f o r  a d u l t  c a la n o id  and 
c y c lo p o i  d ^ o p e  fro’d's -^ EtiTyr , Cyclops v e rn a l  i s ,
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and Mesocvclops edax and c la d o ce ran  Leptodora  k i n d t i i  and 
a g a i n s t  copepod n a u p l i i  and c la d o ce ran  Diaphanosoma 
brachyurum . S e le c t io n  was r a t h e r  n e u t r a l  o v e r a l l  fo r  
c o p e p o d i te s  and m odera te ly  p o s i t i v e  f o r  Bosmina spp.
E v idence , in  a d d i t i o n  to  c a l c u l a t e d  e l e c t i v i t y  v a lu e s ,  
i s  s t ro n g  t h a t  a le w ife  s e l e c t  prey  r a t h e r  th an  
i n d i s c r im in a te ly  fe e d .  Both p a r t i c u l a t e  d e t r i t u s  and 
f i la m e n to u s  a lg a e  were abundant in  p lan k to n  sam ples, b u t  
were seldom observed  in  stomach c o n te n t s .  N o n -s e le c t iv e  
f i l t e r  fee d in g  would have c o n c e n tr a te d  th e s e  item s in 
p ro p o r t io n  to  t h e i r  abundance in  th e  w a te r ,  a s  S ta ro s tk a  and 
A pplegate  (1970) observed  f o r  A n a cy s tis  in  bigmouth b u f f a lo .
The extrem e r a r i t y  o f  copepod n a u p l i i  in  the  stomach 
c o n te n ts  o f  a le w ife  r e l a t i v e  to  t h e i r  d e n s i ty  in  the  
p la n k to n  m ight su g g e s t  t h a t  a le w ife  were s t r u c t u a l l y  u nab le  
t o  fe e d  on th e s e  abundant form s. Brooks (1968), however, 
found a le w ife  to  s e l e c t  n a u p l i i  l a s t  when o f f e r e d  a m ix tu re  
o f  a d u l t  Diaptomus m in u tu s , m e ta n a u p l i i ,  and n a u p l i i .  
Burbidge (1974) r e p o r te d  s t ro n g  n e g a t iv e  s e l e c t i o n  fo r  
n a u p l i i  by b lueback  h e r r in g  in  the  James R iv e r  n ea r  Hopewell, 
a l th o u g h  s e l e c t i o n  was p o s i t i v e  d u r in g  two months in  a 
downstream a re a  where i n t e r s p e c i f i c  c o m p e ti t io n  among f i s h e s  
was g r e a t e r  fo r  l a r g e r  organisms and c o n c e n t r a t io n  of 
p r e f e r r e d  prey  was l e s s .  P la n k tiv o ro u s  f i s h e s ,  such as 
a le w ife  and b lueback  h e r r in g ,  t h a t  feed  s e l e c t i v e l y  may 
f i n d  a s u i t a b l e  d e n s i ty  o f  p r e f e r r e d  p rey  n e a r  Hopewell, 
which would p rec lu d e  the  n e c e s s i t y  o f  s e l e c t i n g  f o r  n a u p l i i .
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Brooks and Dodson (1965) su g g es ted  s i z e ,  s p a t i a l  
d i s t r i b u t i o n ,  abundance, p a l a t i b i l i t y , locom otory h a b i t s ,  
and e scap e  a b i l i t y  a s  f a c t o r s  a f f e c t i n g  th e  a v a i l a b i l i t y  o f  
p re y  t o  a s e l e c t i v e  p r e d a to r .  The g e n e r a l ly  n e g a t iv e  
s e l e c t i o n  by a le w ife  f o r  th e  r e l a t i v e l y  l a rg e  Diaphanosoma 
brachyurum  may be due to  the  r a p id  escape  a b i l i t y  o f  the  
p re y  p lu s  i t s  h a b i t  o f  d r i f t i n g  m o tio n le s s  in  th e  w a te r  
(Brooks and Dodson, 1965). The m o d era te ly  p o s i t i v e  
s e l e c t i o n  of Bosmina spp. by ju v e n i l e  a le w ife  may r e f l e c t  
t h e i r  h ig h  d e n s i ty  and thus a v a i l a b i l i t y  i n  th e  p la n k to n .  
H utch inson  (1971) r e p o r t e d  a le w ife  to  s e l e c t  p o s i t i v e l y  f o r  
Bosmina l o n g i r o s t r i s  b u t  th e  mean le n g th  o f  the  p rey  in  the  
stom achs was u s u a l ly  s i g n i f i c a n t l y  g r e a t e r  than  t h e i r  average  
l e n g th  in  th e  p la n k to n .
S e l e c t io n  by a le w ife  o r o th e r  p la n k t iv o re s  f o r  l a r g e r  
p rey  may r e s u l t  in  q u a l i t a t i v e  and q u a n t i t a t i v e  changes in  
th e  zoo p lan k to n  community. In  lak e  env iro nm en ts ,  a s  the  
l a r g e r  p la n k to n ic  sp e c ie s  d e c re a se  in  abundance under 
i n t e n s i v e  p r e d a t io n ,  sm a l le r  sp e c ie s  in c re a s e  in  d e n s i ty  
(Brooks and Dodson, 1965; G a lb r a i th ,  1967; Brooks, 1968; 
W e lls ,  1970; H u tch inson , 1971; Warshaw, 1972). A lthough i t  
i s  p resum able  more e f f i c i e n t  e n e r g e t i c a l l y  f o r  a p r e d a to r  
to  choose a few la rg e  p rey  r a t h e r  th an  many sm all  p re y ,  
t h e r e  i s  a  p o i n t ,  a s  sm a l le r  s p e c ie s  become more abundan t, 
where i t  i s  l e s s  c o s t l y  to  feed  on any s i z e  found; t h i s  
a l t e r n a t i v e  sp read s  th e  m o r t a l i t y  more e q u a l ly  among age 
c l a s s e s  o f  th e  sm a l le r  prey  and promotes t h e i r  s u r v iv a l
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( S p r u le s ,  1972).
Changes in  zo o p lan k to n  sp e c ie s  co m p o s it io n , p o s s ib ly  due 
to  s e l e c t i v e  p r e d a t io n ,  were n o t  as pronounced in  th e  James 
R iv e r  as  th o se  r e p o r t e d  f o r  l e n t i c  env ironm en ts . L arger 
organism s were p r e s e n t  th ro ugh ou t th e  s tu d y  p e r io d ,  a l tho ugh  
sm a ll  Bosmina spp . in c r e a s e d  n o ta b ly  in  abundance from e a r ly  
summer th rou gh  September in  bo th  y e a r s .  The d e n s i ty  of 
l a r g e r  z o o p la n k te r s  in  the  n u rse ry  a re a  may be p a r t i a l l y  
m a in ta in e d  by th e  c o n t r i b u t i o n  o f  v e r t i c a l  d i s t r i b u t i o n  
( i . e . ,  l a r g e r  forms were o f te n  more abundant a t  dep ths where 
l i g h t  p e n e t r a t i o n  i s  le s se n e d  o r  n i l )  and in p u t  from sm a lle r  
t r i b u t a r i e s ,  oxbows, o r  sh o a l  a re a s  where p r e d a t io n  cou ld  
be l e s s  ex trem e. In a d d i t i o n ,  in te n s e  p re d a t io n  by a lo s in e  
f i s h e s  on ly  o ccu rs  i n  th e  l a t e  s p r in g ,  summer, and e a r ly  
f a l l  a f t e r  which th e  ju v e n i l e s  move seaw ard . Zooplankton 
p o p u la t io n s  may r e c o v e r  b e fo re  th e  n e x t  p u ls e  of a c t iv e  
p r e d a t io n ,  and l a r g e r  zoop lank ton  s p e c ie s  a r e  n o t  t o t a l l y  
e x c lu d e d , as occu rs  in  lak e  env iro nm en ts ,  by the  in f lu e n c e  
o f  s i z e - s e l e c t i v e  p r e d a t io n .
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T a b le  1 . A v e rag e  num ber o f  o rg a n is m s  i n  s to m ac h s  o f  j u v e n i l e  a l e w i f e  c o l l e c t e d  a t  b o t h  
s u r f a c e  and  m id w a te r  d u r i n g  1972 i n  t h e  Jam es R i v e r ,  V i r g i n i a .
J u l y  1972 A u g u s t  1972 S e p tem b er  1972
O rgan ism Day N ig h t Day N ig h t Day N ig h t
N a u p l i i 0 .1 0 .3 3 .4 0 .0 1 .7 0 .0
C o p e p o d i te s 3 6 .9 2 .4 6 3 .9 2 .1 4 9 .3 2 8 .8
C a la n o id a 2 9 1 .4 2 9 .8 2 1 3 .2 1 7 .6 1 0 0 .4 4 0 .1
C y c lo p o id a 8 .5 3 .4 1 3 .3 0 .2 6 1 .0 4 8 .8
H a r p a c t i c o i d a 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
C ladocex 'a 1 2 .2 1 4 .0 1 1 1 .3 9 .7 1 7 7 3 .8 1 2 2 7 .6
O s t r a c o d a 0 .3 0 .0 2 .1 0 .0 0 .0 0 .0
P o l y c h a e t a 0 .1 0 .3 0 .0 0 .4 0 .0 0 .0
Im m ature  I n s e c t 0 .0 0 .0 0 .2 0 .8 0 .7 0 . 0
M a tu re  I n s e c t 0 .1 2 .8 0 .0 2 .3 0 .0 1 .3
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T a b le  2 .  A v e rag e  num ber o f  o rg a n is m s  i n  s to m ach s  o f  j u v e n i l e  a l e w i f e  c o l l e c t e d  a t  b o th  
s u r f a c e  and  m id w a te r  d u r i n g  1973 i n  t h e  Jam es R i v e r ,  V i r g i n i a .
Ju n e  1973 J u l y  1973 A u g u s t  1973 S e p tem b er  1973
O rg an ism  Day N ig h t  Day N ig h t  Day N ig h t  Day N ig h t




0 . 0 1 .3 0 .0
C o p e p o d i te s 3 .0 0 .0 2 1 .4 0 .2 2 9 .5 3 .5 2 5 .2 5 .5
C a la n o id a 8 .7 0 .2 1 8 .2 1 .4 2 8 .1 0 .7 2 9 .7 6 . 0
C y c lo p o id a 0 .3 0 .3 2 5 .8 0 .4 4 0 .6 0 .6 2 7 .1 5 . 0
H a r p a c t i c o i d a 0 .0 0 .0 0 .0 0 .0 5 .9 0 .0 0 .0 0 .0
C la d o c e r a 4 4 .3 0 .2 1 6 0 .3 2 2 .7 1 3 3 .0 1 7 .7 8 3 2 .6 1 9 5 .8
O s t r a c o d a 0 .0 0 .0 2 .7 1 .9 9 .8 5 .6 0 .0 5 .5
P o l y c h a e t a 0 .0 0 .0 0 .3 0 .0 0 .2 0 .0 0 .6 0 .3
Im m ature  I n s e c t 0 .0 0 .0 0 .2 0 .2 0 . 0 0 .0 0 .0 0 .5
M a tu re  I n s e c t 0 .2 2 .3 0 . 0 7 .3 0 .0 4 . 4 0 .8 5 .1
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F ig u re  1. Mean and range  o f  food (mg w et w e ig h t  food/ 
g wet w e igh t f i s h )  in  j u v e n i l e  a le w i f e  
c o l l e c t e d  a t  b o th  s u r f a c e  and m idw ater  a t  
t h r e e  h our i n t e r v a l s  in  m onthly  27-hour 
s t a t i o n s  during  1972 in  th e  James R iv e r ,  
V i r g in ia .  [Number o f  stomachs examined 
in d ic a te d  above each b a r ;  h o r i z o n t a l  l i g h t  
b a rs  below tim es i n d i c a t e  d a y l ig h t  a f t e r  
s u n r i s e  (SR) and dark  b a rs  show d a rk ness  
a f t e r  su n s e t  (SS)]
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F ig u re  2. Mean and range o f  food (mg wet w eigh t food/  
g wet w eigh t f i s h )  in  j u v e n i l e  a le w ife  
c o l l e c t e d  a t  b o th  s u r f a c e  and m idw ater a t  
th re e  hour i n t e r v a l s  in  monthly 27-hour 
s t a t i o n s  d u r in g  1973 in  the  James R iv e r ,  
V i r g in ia .  [Number o f  stomachs examined 
in d ic a te d  above each b a r ;  h o r i z o n t a l  l i g h t  
b a rs  below tim es i n d ic a t e  d a y l ig h t  a f t e r  
s u n r i s e  (SR) and dark b a rs  show darkness 
a f t e r  su n s e t  (S S )]
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F ig u re  3. T o ta l  zoop lan k to n  s ta n d in g  crop a t  s u r fa c e
( v e r t i c a l  l i g h t  b a r s )  and m idw ater ( v e r t i c a l  
da rk  b a r s )  a t  t h r e e  hour i n t e r v a l s  in  
m onthly 27 -hour s t a t i o n s  during  1972 and 
1973 in  th e  James R iv e r ,  V i r g in ia .  
(H o r iz o n ta l  b a r s  below tim e s  i n d i c a t e  
d a y l ig h t  and d a rk n ess )
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F ig u re  4. Average day and n i g h t  s ta n d in g  crop  o f
predom inant z o o p la n k te rs  a t  s u r f a c e  ( l i g h t  
b a rs )  and m idwater (d a rk  b a r s )  in  monthly 
27-hour s t a t i o n s  d u r in g  1972 in  the  James 
R iv e r ,  V i r g in ia .
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F ig u re  5. Average day and n i g h t  s ta n d in g  c rop  of
predom inan t z o o p la n k te r s  a t  s u r f a c e  ( l i g h t  
b a r s )  and m idw ater (da rk  b a r s )  i n  monthly 
27-hour s t a t i o n s  d u r in g  1973 in  th e  James 
R iv e r ,  V i r g i n i a .
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F ig u re  6 . Average p e rc e n t  in  th e  s u r f a c e  and m idw ater
p lan k to n  ( • -----   *) and stomachs ( -------— •)»
and e l e c t i v i t y  index  (E ), f o r  s e l e c te d  
z o o p la n k te rs  d u r in g  th e  day from J u ly  th ro ugh  
September 1972 and June th rough  September 
1973 in  the  James R iv e r ,  V i r g in ia .
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ABSTRACT
Energy t r a n s fo rm a t io n s  by ju v e n i l e  a le w i f e ,  A losa  
p seudo hareng us, in  the  n u r s e ry  a re a  o f  th e  James R iv e r ,  
V i r g i n i a ,  were e s t im a te d  in  1972 and 1973 by l a b o r a to r y  and 
f i e l d  m ethods. P re l im in a ry  e s t im a t io n s  o f  d a i l y  r a t i o n s  
were de te rm ined  d i r e c t l y  by a s h - f r e e  c a l o r i c  v a lu e  o f  
stomach c o n te n ts  in  a le w ife  c o l l e c t e d  every  th r e e  hours  
d u r in g  27-hour s t a t i o n s ,  w i th  l a b o r a to r y - d e r iv e d  c o r r e c t io n s  
a p p l i e d  f o r  c a l o r i c  v a lu e  rem ain in g  from p r i o r  m eals a t  mean 
env iron m en ta l  te m p e ra tu re .  P e rc e n t  e g e s te d  o f  th e  c a l o r i c  
v a lu e  o f  i n g e s ta  was e s t im a te d  in  th e  l a b o r a to r y  and ranged 
from 18% a t  25 C to  29% a t  30 C. Mean wet w e ig h t  o f  a l l  
f i s h  c o l l e c t e d  each  month was c o n v e r te d  to  d ry  w e ig h t  and 
c a l o r i c  e q u iv a le n t  based  on c a l o r i c  a n a ly s i s  o f  te n  f i s h  
each  month, and th e  d i f f e r e n c e s  in  c a l o r i c  v a lu e  between 
tim e i n t e r v a l s  were c a l c u l a t e d  f o r  e s t im a t io n  o f  growth 
r a t e s .  The c a l o r i c  v a lu e  o f  th e  rem aind er  a f t e r  growth was 
s u b t r a c t e d  from a s s i m i l a t i o n  was a s s ig n e d  to  m ain ten ance , 
s in c e  l a b o r a to r y  e s t im a te s  o f  r e s p i r a t i o n  r a t e s  were 
c o n s i s t e n t l y  h ig h  p o s s ib ly  due to  h a n d lin g  o f  th e  e x c i t a b l e  
f i s h .
A s h - f re e  c a l o r i c  v a lu e  o f  f i s h  b io c o n te n t ,  d a i l y  
r a t i o n ,  e g e s ta ,  a s s i m i l a t i o n ,  and r e s p i r a t i o n  in c r e a s e d  
from e a r ly  summer th rough  September in  each  y e a r .  Mean 
g ro s s  growth e f f i c i e n c y  was 37% and 28% in  1972 and 1973 
r e s p e c t i v e l y  and n e t  growth e f f i c i e n c y  was 48% and 37% in
44
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1972 and 1973 r e s p e c t i v e l y .  Mean m ain tenance  e f f i c i e n c y  
was 52% in  1972 and 63% in  1973. Lower w a te r  tem p era tu re s  
in  1972 may p a r t i a l l y  accoun t f o r  th e s e  d i f f e r e n c e s ,  
a l th o u g h  f lo o d in g  was p r e v a le n t  in  th e  e a r ly  summer 1972.
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INTRODUCTION
T his  r e p o r t  summarizes a two y e a r  i n v e s t i g a t i o n ,  based  
on la b o r a to r y  and f i e l d  s t u d i e s ,  o f  energy  t r a n s fo rm a tio n s  
by j u v e n i l e  a l e w i f e ,  A losa pseudoharengus (W ilson), in  the  
n u rs e ry  a r e a  o f  th e  James R iv e r ,  V i r g in ia .
E c o lo g is t s  have h i s t o r i c a l l y  c o n c e n tra te d  on 
e l u c id a t in g  s t r u c t u r e  o f p o p u la t io n s .  Through th e  impetus 
g iven  by development o f  a model o f  tro p h ic -d y n am ics  
(Lindeman, 1942), a p p l i c a t io n  o f  th e  e n e rg e t i c s  approach  in  
anim al s c ie n c e s  (Brody, 1945; K le ib e r ,  1961), and 
fo rm u la t io n  of t h e o r e t i c a l  b io e n e r g e t i c  p r i n c i p l e s  through 
s y n th e s i s  o f  th e  l i t e r a t u r e  (Winberg, 1956), modem re s e a rc h  
f r e q u e n t ly  a t te m p ts  to  d e f in e  fu n c t io n  in  p o p u la t io n s .
Energy t r a n s fo r m a t io n s  in  f i s h e s  a re  o f te n  i n v e s t i g a t e d  
s in c e  f i s h  p ro d u c t io n  i s  o f economic i n t e r e s t .  Reviews on 
a s p e c ts  o f  b io e n e r g e t i c s  in  f i s h e s  have appeared  r e c e n t l y  
(Mann, 1967; Beamish and D ic k ie ,  1967; Warren and D av is , 
1967; Davis and W arren, 1971). Complete energy budgets 
have been developed f o r  sand goby (Healy, 1972), p e rch  
(Soloman and B r a f i e l d ,  1972), sargassum f i s h  (Sm ith, 1973), 
n in e s p in e  s t i c k l e b a c k  (Cameron a n d K o s t o r i s ,  1973), b lueback  
h e r r in g  (B urb idge, 1974), and w hite  bass  (W issing, 1974). 
Energy budge ts  o f  s in g l e  sp e c ie s  p rov id e  a common c a l o r i c  
b a s i s  f o r  com parisons o f  d i f f e r e n t  organisms in  a v a r i e t y  
o f  h a b i t a t s  and n ic h e s  and a re  a l s o  u s e f u l  in  fo rm u la t io n  
o f  energy  flow models fo r  e c o lo g ic a l  sys tem s.
46
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MATERIALS AND METHODS
L a b o ra to ry  S t u d i e s . J u v e n i le  a le w ife  were c o l l e c t e d  w i th  a 
30 m beach  s e in e  a t  Jamestown Beach (65 kin from James R iv er  
mouth) in  September th rough  November 1972 and 1973 f o r  
l a b o r a to r y  s tu d i e s  on r e s p i r a t i o n ,  stomach e v a c u a t io n ,  and 
e g e s t io n  r a t e s .  S ince  a le w ife  a re  f r a g i l e  f i s h ,  p r e c a u t io n s  
and p ro ce d u re s  f o r  c a p tu r e ,  h a n d l in g ,  and t r a n s p o r t  
d eve loped  f o r  j u v e n i l e  American shad were fo llow ed  
(C h i t te n d e n ,  1971), e x c e p t  fu n g ic id e  was added to  th e  
t r a n s p o r t  w a te r  to  m inim ize i n f e c t i o n  due to  i n ju r y .  F ish  
were h e ld  in  c i r c u l a r  tan k s  in  th e  l a b o r a to r y  a t  l e a s t  s i x  
weeks b e fo re  any e x p e r im e n ta t io n  to  a l lo w  f o r  i n i t i a l  
m o r t a l i t y  and a d ju s tm en t  to  l a b o r a to r y  c o n d i t i o n s .  F ish  
were fe d  on A rtem ia  n a u p l i i  tw ice  d a i l y  d u r in g  t h a t  p e r io d .
R e s p i r a t i o n . R ou tine  r e s p i r a t i o n  r a t e s  under c o n s ta n t  
l i g h t  a t  20, 25, and 30 C were de te rm ined  on e ig h t  f i s h  a t  
each te m p e ra tu re  in  a r e c o rd in g  manom etric r e s p i ro m e te r  
(W ells and W arinner , 1968) submerged i n  a c o n s ta n t  
te m p e ra tu re  b a th  ( ± 0 . 1  C ) . F ish  were a c c l im a te d  to  
e x p e r im e n ta l  te m p e ra tu re s  f o r  a t  l e a s t  21 days and were 
f a s t e d  48 hours  b e fo re  e x p e r im e n ta t io n .  F is h  were a llow ed  
12 h ou rs  to  a d ju s t  to  the  4 .8  l i t e r  r e s p i r o m e te r  chamber 
b e fo r e  re a d in g s  were re c o rd e d  fo r  a c o n s e c u t iv e  24 to  60 
h o u r  p e r io d .  A b la n k  c o r r e c t i o n  was run  a f t e r  removal o f  
a f i s h  and th e  a p p a ra tu s  su b se q u e n t ly  c le a n e d .  F is h  were
47
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m easured (68-80 mm f o rk  l e n g th  (FL ), X = 73) and weighed 
( 4 .2 - 8 .0  g wet w e ig h t ,  X = 5 .7  g; 1 .0 9 -2 .1 3  g dry w e ig h t ,
X = 1.51 g ) . R e su l ts  were e x p re sse d  in  mg O2 p e r  gram f i s h  
w eigh t p e r  hou r a t  s ta n d a rd  te m p era tu re  and p r e s s u r e .
Stomach e v a c u a t io n . F ish  ra n g in g  from 55-81 mm FL and 
2 .5 - 8 .1  g wet w eigh t were a c c l im a te d  a t  l e a s t  21 days to  20, 
25, o r  30 C ( ± 0 . 5  C) in  th r e e  110 l i t e r  a q u a r i a  under 
c o n s ta n t  l i g h t .  F is h  were fe d  tw ice  d a i l y  w i th  A rtem ia  
n a u p l i i  u n t i l  f a s t i n g  began 48 hours b e fo re  e x p e r im e n ta l  
fe e d in g .  A known wet w eigh t o f l iv e  mixed c la d o c e ra n s  and 
c o p ep o d ite  and a d u l t  c y c lo p o id s ,  taken  w i th  a #10 (0 .153 mm) 
mesh p lan k to n  n e t  from a f r e s h w a te r  la k e  n e a r  White Marsh, 
V i r g in ia ,  was in tro d u c e d  i n t o  each aquarium  and f i s h  were 
a llow ed to  fee d  v o l u n t a r i l y  f o r  30 m in u te s .  About 45 mg o f  
prey were p o t e n t i a l l y  a v a i l a b l e  to  each  f i s h  (1.2% o f  mean 
f i s h  wet w e i g h t ) . S ix  f i s h  were s a c r i f i c e d  a f t e r  30 m inu tes  
from each aquarium  and stomach c o n te n ts  weighed to  the  
n e a r e s t  0 .1  mg to  e s t a b l i s h  average  wet w e ig h t  o f  in g e s ta  
f o r  the  s in g l e  m eal. Water f i l t e r s  were ru n  to  remove any 
u n ea ten  p re y .  S ix  f i s h  were s a c r i f i c e d  from each aquarium  
every  1 .5  hours  t h e r e a f t e r  u n t i l  wet w e ig h t o f stomach 
c o n te n ts  av eraged  l e s s  than  1 .0  mg. Dry w e ig h t ,  c a l o r i c  
v a lu e ,  and p e rc e n t  a sh  o f  stomach c o n te n t s ,  poo led  f o r  each 
1.5 hour i n t e r v a l  a t  each te m p e ra tu re ,  were de te rm ined .
E g e s t io n . Water f i l t e r s  were tu rn e d  o f f  a t  th e  te rm in a t io n  
o f stomach e v a c u a t io n  ex p er im e n ts .  F e c a l  m a t t e r  produced
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ov e r  48 hours by ten  f i s h  rem ain ing  in  each  aquarium a t  the  
s p e c i f i e d  w ater  tem p era tu re s  was c o l l e c t e d  w ith  a p i p e t t e ,  
poo led  f o r  each te m p e ra tu re ,  and f ro z e n .  This was l a t e r  
an a ly zed  fo r  dry w e ig h t ,  c a l o r i c  v a lu e ,  and ash  c o n te n t .
Feces o f  a le w ife  were l i b e r a t e d  as s o l i d  s tre am ers  and were 
e a s i l y  seen . Feces were c o l l e c t e d  a t  6 -hour i n t e r v a l s  to  
m inim ize b a c t e r i a l  co n ta m in a tio n  o f  the  m a t e r i a l .  F ish  were 
removed a f t e r  48 hours and w a te r  from each aquarium was 
s iphoned  th rough  a # 20 (0 .080 mm) mesh s t r a i n e r  to  a s c e r t a i n  
t h a t  no f e c a l  m a t te r  was m issed .
F i e ld  S t u d i e s . Data on d a i ly  fee d in g  i n t e n s i t y  and growth 
r a t e s  were taken  d u r in g  monthly 27-hour s u r f a c e  and m idw ater 
t r a w l  s t a t i o n s  in  th e  James R iv er  n e a r  Hopewell, V i r g in ia .  
Samples were taken  a t  th r e e  hour i n t e r v a l s  from J u ly  th rough  
September 1972 and June th rough  September 1973 (C hapter I ) .
Feeding  I n t e n s i t y . Up to  25 a le w ife  from the  s u r fa c e  sample 
and 25 from th e  m idw ater sample d u rin g  each th r e e  hour 
p e r io d  were f ro z e n  on dry  ic e  in  th e  f i e l d .  Stomach 
c o n te n ts  were c a r e f u l l y  removed from thawed f i s h  and wet 
w eigh ts  de te rm ined  i n d iv i d u a l l y  to  the  n e a r e s t  0 .1  mg. Dry 
w e ig h t,  c a l o r i c  v a lu e ,  and ash  c o n te n t  were a s c e r t a in e d  fo r  
th e  poo led  su r fa c e  and m idw ater sample each th r e e  hour 
p e r io d .  In  a d d i t i o n ,  d a ta  on wet w eigh t o f stomach 
c o n te n ts  o f  up to  5 a le w ife  from the  s u r fa c e  and 5 from 
m idw ater fo r  each sample i n t e r v a l ,  (which were p re s e rv e d  in  
10% fo rm alin  f o r  prey  i d e n t i f i c a t i o n ,  C hap ter I ) ,  were
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combined w i th  wet w eigh t o f  c o n te n ts  from fro z e n  f i s h  to  
d e f in e  fe e d in g  i n t e n s i t y  as  average  wet w e igh t stomach 
c o n te n ts  e v e ry  th re e  h o u rs  over 27 h o u rs .  Mean wet w eigh t 
o f  stomach c o n te n ts  o f  b o th  f ro zen  and p re s e rv e d  f i s h  was 
c o n v e r ted  to  mean dry w e igh t by th e  mean p e rc e n t  w e igh t o f 
dry m a t t e r  in  the  pooled  stomach c o n te n ts  o f  f ro z e n  f i s h  
from each  th r e e  hour p e r io d .  Mean dry  w e igh t tim es mean 
a s h - f r e e  (AF) c a l o r i c  v a lu e  p e r  mg dry w e igh t gave th e  t o t a l  
AF c a l o r i c  v a lu e  o f  stomach c o n te n ts  f o r  each th r e e  hou r  
p e r io d .
Growth. In  a d d i t i o n  to  th e  f i s h  p re s e rv e d  o r  f ro z e n  f o r  
fe e d in g  i n t e n s i t y  a n a ly s e s ,  a l l  o th e r  a le w ife  c a p tu re d  in  
b o th  y e a r s  were f ro zen  on dry ic e  in  th e  f i e l d .  Thawed f i s h  
were m easured to  the  n e a r e s t  1 .0  mm FL and weighed to  the  
n e a r e s t  0 .1  g a f t e r  removal of excess  m o is tu re .  Ten 
randomly chosen f i s h  from each o f  th e  seven sample months 
were d r i e d  in  a 60 C oven f o r  36 hours  and weighed to  th e  
n e a r e s t  1 .0  mg a f t e r  removal o f  stomach and i n t e s t i n e  
c o n t e n t s . C a lo r ic  v a lu e  and ash c o n te n t  were de te rm ined  
f o r  each  o f  th e  ten  d r i e d  f i s h  p e r  month. Wet w e igh t o f  a l l  
a le w ife  c a p tu re d  monthly was c o n v e r ted  to  dry  w e igh t by th e  
mean p e r c e n t  w e igh t o f dry m a t te r  in  the  sample o f  d r i e d  
f i s h .  Monthly b io c o n te n t  o f  a l l  f i s h  was c a l c u l a t e d  from 
the  mean AF c a l o r i c  c o n te n t  o f  th e  d r ie d  f i s h  and mean dry 
w e igh t d a ta .
Bomb c a l o r i m e t r y . Sample m a te r i a l  was d r i e d  in  a 60 C oven
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f o r  24 h o u r s ,  weighed to  th e  n e a r e s t  0 .1  mg, and s t o r e d  i f  
n e c e s s a ry  in  a d e s s i c a t o r .  G rind ing  and m ix ing  o f  samples 
were done in  an a u to m atic  m ic ro m o rta r  and p e s t l e .  Three 
bomb p i l l s  were p re p a re d  i f  s u f f i c i e n t  q u a n t i t y  o f  a d r i e d  
sample m a t e r i a l  was p r e s e n t .  Each was weighed to  0 .1  mg, 
and combusted in  a P h i l l ip s o n  microbomb c a lo r im e te r  
( P h i l l i p s o n ,  1964) which was co n n ec ted  to  a 0 .0  - 1 .0  mv 
r e c o r d in g  p o te n t io m e te r .  N i t r i c  a c id  and fu se  w ire  
c o r r e c t i o n s  were a p p l i e d  t o  th e  r e s u l t a n t  d a ta .  Ash c o n te n t  
was d e te rm in e d  from th e  d r ie d  rem ains o f  p o s t-c o m b u s tio n  
p i l l s ,  when q u a n t i t i e s  were l im i t e d ,  o r  from r e p l i c a t e  
com bustions o f  a d d i t i o n a l  sample m a t e r i a l  in  a 600 C m u ff le  
oven f o r  12 h o u rs .  The c a lo r im e te r  was s t a n d a r d iz e d  w ith  
th r e e  b e n zo ic  a c id  p i l l s  (6 .3 1 4  ca l/m g) b e fo re  a d a i l y  
s e r i e s  o f  d e te rm in a t io n s .
Energy t r a n s f o r m a t i o n s . L ab o ra to ry  and f i e l d  d a ta  were 
u sed  t o  compute th e  d a i l y  term s o f  th e  b a la n c e d  energy  
e q u a t io n  (Warren and D avis, 1967) f o r  j u v e n i l e  a le w i f e :
C = F + U + R  + AB 
Where: C = energy  o f  i n g e s ta  ( d a i l y  r a t i o n )
F = energy  o f  e g e s ta
U = energy  o f  e x c r e ta
R = energy  o f  r e s p i r a t i o n
<2>B = energy  o f  growth
A l l  energy  c a l c u l a t i o n s  were b a sed  on th e  mean s u r f a c e ,  
m idw ater ,  and bottom  te m p e ra tu re  as  d e te rm in e d  a t  t h r e e  
hour i n t e r v a l s  d u r in g  m onthly 27 -hour s t a t i o n s .
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Energy o f  in g e s ta  between th r e e  hour sample p e r io d s  
over  27 hours  was e s t im a te d  as th e  t o t a l  a s h - f r e e  (AF) 
c a l o r i c  v a lu e  o f  stomach c o n te n ts  a t  a t h r e e  hour sample 
p e r io d  minus th e  p e rc en ta g e  (Y) o f  t h a t  t o t a l  c a l o r i c  v a lu e  
rem ain ing  from p r i o r  th r e e  hour (Y = 108.4000 - 2 .3000 X) 
and s i x  hour (Y = 53.1667 - 1 .7200 X) in g e s ta  a t  th e  mean 
d iu r n a l  tem p era tu re  (X). These c o r r e c t i o n s  were b ased  upon 
la b o r a to r y  d a ta  f o r  stomach e v a c u a t io n  o f  t o t a l  c a l o r i c  
c o n te n t  a t  t h r e e  and s i x  h ours  f o r  d i f f e r e n t  te m p e ra tu re s .  
C a lo r ic  v a lu e s  of in g e s ta  f o r  each  th r e e  h o u r  sample p e r io d  
in  th e  f i e l d  were summed f o r  24 h o u rs  to  g iv e  a p r e l im in a ry  
e s t im a te  o f  d a i l y  r a t i o n .
Energy o f  e g e s ta  was e s t im a te d  (Y = -1 .7167  + 0 .9500 X) 
as  th e  p e rc e n ta g e  o f  th e  d a i l y  r a t i o n  (Y) e g e s te d  a t  mean 
d iu r n a l  tem p era tu re  (X) on th e  b a s i s  o f  l a b o r a to r y  d a ta  f o r  
f i s h  h e ld  a t  d i f f e r e n t  te m p e ra tu re s .  Energy o f  e x c r e t a  was 
n o t  e s t im a te d .
Energy o f  growth was d e r iv e d  from th e  change i n  mean AF 
c a l o r i c  c o n te n t  o f  f i s h  between m onthly  sam ples. A f t e r  
growth was s u b t r a c te d  from a s s i m i l a t i o n ,  energy  o f  
r e s p i r a t i o n  was assumed to  acco un t f o r  th e  rem a in d e r .
R ou tine  r e s p i r a t i o n  r a t e s  f o r  a le w i f e  were m easured in  the  
l a b o r a to r y ,  b u t  were n o t  d i r e c t l y  a p p l i c a b le  to  
en v iro n m en ta l  c o n d i t i o n s .
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RESULTS AND DISCUSSION
R e s p i r a t i o n . R outine r e s p i r a t i o n  r a t e s  o f  j u v e n i l e  a le w ife  
in  th e  la b o r a to r y  were r e l a t i v e l y  c o n s i s t e n t  and in c re a s e d  
e x p o n e n t ia l ly  w i th  in c r e a s in g  tem p era tu re  ( F i g . 7 ) .  The 
r a t e s  were r e p r e s e n ta t iv e  o f  s in g l e  f i s h ,  which were f a s t e d ,  
b r i e f l y  h an d led , and h e ld  under c o n s ta n t  l i g h t .  Mean r a t e s  
ranged  from 0 .44  mg 02/w et w e ig h t/h o u r  a t  20 C to  1 .09  mg 
Os a t  30 C and from 1.68 mg 0 3/d r y  w e ig h t/h o u r  a t  20 C to
4 .0 4  mg 0 2 a t  30 C. These r a t e s  were h ig h e r  than  th o se  
r e p o r te d  f o r  o th e r  sp e c ie s  o f  f i s h e s  (Winberg, 1956), 
a l th o u g h  Burbidge (1974) c i t e d  s i m i l a r l y  h ig h  r a t e s  f o r  
b lueback  h e r r in g  (A losa a e s t i v a l i s ) .
A lew ife  swim c o n s ta n t ly  t o  m a in ta in  t h e i r  p o s i t i o n  in  
th e  w a te r  column, and r e l a t i v e l y  h ig h  r e s p i r a t i o n  r a t e s  a re  
e x p ec te d  w i th  such spontaneous a c t i v i t y .  However, a le w ife  
a re  v e ry  prone to  s t r e s s  r e a c t i o n s ;  h a n d lin g  and confinem ent 
may have in f lu e n c e d  the  observed  r a t e s ,  a l th o u g h  f i s h  
appeared  calm a f t e r  th e  i n i t i a l  ad ju s tm en t  p e r io d .  The 
l a b o r a to r y - d e r iv e d  r a t e s  were n o t  u sed  in  energy 
t r a n s fo rm a t io n  c a l c u l a t i o n s .  The rem ain ing  a s s i m i l a t e d  
energy , a f t e r  growth was e s t im a te d ,  was a t t r i b u t e d  to  
m ain tenance  requ irem en ts  in  the  energy  budg e t,  s in c e  a le w ife  
r e s p i r a t i o n  in  th e  environm ent i n t e g r a t e s  the  re sp o n se s  to  
n a t u r a l  v a r i a b i l i t y  in  te m p e ra tu re ,  d i s s o lv e d  oxygen, and 
p h o t o p e r io d ic i ty ,  feed in g  and escape  r e a c t i o n s ,  and 
sc h o o l in g  b e h a v io r .
53
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Stomach E v a c u a t io n . Mean wet w eigh t o f stomach c o n te n ts  
d e c re a se d  e x p o n e n t ia l ly  over time a t  each te m p era tu re  based  
on a s in g l e  m eal, and d ry  w e ig h t decreased  l i n e a r l y  ( F i g .8 ) .  
T h is  su g g e s ts  a r a p id  e v a c u a t io n  o f  f l u i d s  and a s te a d y  
movement o f  s o l i d s .  Although 45 mg wet w e igh t o f  p rey  were 
p o t e n t i a l l y  a v a i l a b l e  to  each  f i s h ,  mean w eigh t o f  stomach 
c o n te n ts  a f t e r  30 m inu tes  (hour 0 .0 )  was 32 mg a t  20 C,
40 mg a t  25 C, and 42 mg a t  30 C. The tim es
r e q u i r e d  f o r  stomach ev ac u a tio n  decreased  from 9 hours  a t
20 C to  6 hours a t  30 C. These tim es were r a p id  compared
to  th o se  c i t e d  f o r  n o n -p la n k t iv o ro u s  f i s h e s  (Seaburg and 
Moyle, 1964; W inde ll ,  1966; T y le r ,  1970). P la n k tiv o ro u s  
j u v e n i l e s  o f  f i s h e s ,  such as ye llow  perch  (Noble, 1973) and 
w h i te  b ass  (V o ig h tlan d er  and W issing , 1974), a l s o  e x h i b i t  
r a p i d  stomach e v a c u a t io n s  a t  comparable te m p e ra tu re s .
Mean AF c a l o r i c  v a lu es  o f  stomach c o n te n ts  d ec reased  
l i n e a r l y  over time a t  each  tem p era tu re  ( F i g .9 ) .  Mean v a lu e s  
f o r  s in g le  meal in g e s ta  were 22 g ra m -c a lo r ie s  ( g - c a l )  AF a t  
20 C, 25 g - c a l  AF a t  25 C, and 28 g - c a l  AF a t  30 C. No 
v a lu e s  were c a l c u l a t e d  f o r  9 hours  a t  20 C o r  7 .5 hours 
a t  30 C because o f  i n s u f f i c i e n t  q u a n t i t i e s  o f  d r i e d  m a t e r i a l  
f o r  com bustion. L inear  r e g r e s s io n s  o f  ex p e r im en ta l  
te m p era tu re  (X) and p e rc e n t  o f  th e  AF c a l o r i c  va lue  o f  
i n g e s ta  rem aining  (Y) a f t e r  th r e e  hours (Y = 108.4000 - 
2 .3000 X; r  = -0 .9 7 )  and s ix  hours  (Y = 53.1667 - 1.7200 X; 
r  = -0 .9 7 )  were used  as c o r r e c t i o n  f a c t o r s  in  the  
p re l im in a ry  e s t im a t io n  o f  in g e s ta  f o r  f i s h  c a p tu re d  a t  th r e e
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hour i n t e r v a l s  d u r in g  27 -hour s t a t i o n s .
F a c to r s  o th e r  th an  tem p era tu re  may a f f e c t  d ig e s t io n  
r a t e s ;  s i z e ,  c o n d i t io n ,  and b e h av io r  o f  f i s h ,  q u a n t i ty  and 
q u a l i t y  o f  food , and m eal frequency  a r e  i n f l u e n t i a l  (W indell, 
1967). I n s u f f i c i e n t  numbers o f  a le w ife  were a v a i l a b l e  fo r  
a n a l y s i s  o f  m u l t i p le  m eal e f f e c t s  on stomach e v a c u a t io n .  
A lew ife  u s u a l ly  feed  a c t i v e l y  f o r  s e v e r a l  ho urs  in  th e  e a r ly  
morning and l a t e  a f te rn o o n  (C hap ter  I ) , so m u l t ip le  meals 
a re  most r e p r e s e n t a t i v e  o f  n a t u r a l  fe e d in g  p a t t e r n s .
M u l t ip le  m eals f o r  g ado id  f i s h e s  were e v ac u a ted  1.6 tim es 
as f a s t  as s i n g l e  m eals (Jo n e s ,  1974). J u v e n i le  ye llow  
pe rch  (60 mm) a t  15 C e v ac u a ted  a s i n g l e  meal o f  
z o o p la n k te r s  in  12 hours  and a m u l t i p le  meal in  6 .1  hou rs ;  
r a t e s  were even g r e a t e r  a t  22 C when a s in g l e  meal r e q u i r e d
6 .5  hours  and a m u l t i p le  meal 1 .5  hours  (Noble, 1973).
Thus, stomach e v a c u a t io n  r a t e s  o f  a le w ife  in  th e  n a t u r a l  
env ironm ent co u ld  be tw ice  th e  r a t e s  observed  in  the  
l a b o r a to r y  f o r  s i n g l e  m ea ls .
E g e s t i o n . T o ta l  c a l o r i c  c o n te n t  o f  e g e s ta  ranged  from 4 .3  
g - c a l  AF a t  20 C to  8 .0  g - c a l  AF a t  30 C (Table  3 ) .  A 
h ig h e r  p e rc e n t  o f  th e  t o t a l  AF c a l o r i c  v a lu e  o f  in g e s ta ,  
from stomach e v a c u a t io n  e x p e r im e n ts ,  was e g e s te d  a t  30 C 
(29%) th an  a t  lower te m p e ra tu re s .  The lo w es t  p e rc e n t  
c a l o r i c  e g e s t io n  (18%) and th e  h ig h e s t  p e rc e n t  c a l o r i c  
a s s i m i l a t i o n  (82%) o c c u r re d  a t  25 C; th e  p e rc e n t  e g es te d  
(19%) and a s s i m i l a t e d  (81%) a t  20 C was s i m i l a r .  These
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v a lu e s  approx im ate  th e  ran ge  o f  a s s i m i l a t i o n  e f f i c i e n c i e s  
f o r  o th e r  c a rn iv o ro u s  f i s h e s  (Welch, 1968), a l th o u g h  th e  
v a lu e  f o r  a s s i m i l a t i o n  a t  30 C (71%) i s  r a t h e r  low. Stomach 
e v a c u a t io n  in  a le w ife  a t  30 C may be so  r a p id  t h a t  m ech an ica l  
and chem ical breakdown o f  p re y  i s  v e ry  in co m p le te ,  y i e l d i n g  
a  red u ced  a s s i m i l a t i o n  e f f i c i e n c y .  However, a s s i m i l a t i o n  
in  f i s h e s  such as  r e d  h in d  (Menzel, 1960) and w a lley e  
(K elso , 1972) a r e  ind ep en d en t o f  te m p e ra tu re .
A l i n e a r  r e g r e s s io n  (Y = -1 .7167  + 0 .9500; r  = 0 .8 2 )  
o f  e x p e r im e n ta l  te m p e ra tu re  (X) and p e r c e n t  e g e s te d  (Y) o f  
the  c a l o r i c  AF v a lu e  o f  i n g e s ta  was u sed  to  e s t im a te  energy  
c o n te n t  o f  e g e s ta  in  energy  t r a n s fo rm a t io n  c a l c u l a t i o n s .
I n g e s t io n . Energy o f  i n g e s ta  f o r  a le w i f e  was c a l c u l a t e d  
from f i e l d  d a ta  as  t o t a l  AF c a l o r i c  v a lu e  o f  stomach 
c o n te n ts  each th r e e  hou r  i n t e r v a l  d u r in g  27-hour s t a t i o n s ,  
w i th  l a b o r a to r y - d e r iv e d  c o r r e c t i o n s  f o r  c a l o r i c  v a lu e  
rem ain ing  from p r i o r  th r e e  and  s i x  hou r  in g e s ta .
C a lc u la t io n s  o f  i n g e s ta  f o r  June 1973 (Table 4) g iv e  the
method o f  computing p r e l im in a r y  d a i l y  r a t i o n ,  o r  th e  sum
o f  in g e s ta  over a c o n se c u t iv e  24 h o u r s .  The p r e l im in a r y  
d a i l y  r a t i o n  computed f o r  t h a t  month (59 g - c a l  AF) was 
u n u su a l ly  low compared to  o t h e r  sample d a te s  in  1972
(Table  5) and 1973 (Table  6 ) .
The p r e d i c te d  c a l o r i c  v a lu e  o f  m a t e r i a l  rem ain ing  from 
p r i o r  m eals o f t e n  exceeded th e  t o t a l  c a l o r i c  v a lu e  o f  
stomach c o n te n ts  d u r in g  p e r io d s  o f  low fe e d in g  l e v e l s  o r  
n o n - fe e d in g  p e r io d s ,  which in d i c a t e d  t h a t  l a b o r a to r y
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c o r r e c t i o n s  f o r  stomach ev ac u a tio n  r a t e s  b ased  on s in g le  
m eals were too  low. Thus, the  p re l im in a ry  d a i ly  r a t i o n  
v a lu e s  f o r  each sample d a te  were doubled in  d e r iv in g  th e  
energy budget f o r  ju v e n i l e  a le w ife  t o  accoun t f o r  th e  
presumed e f f e c t s  o f  m u l t ip le  m ea ls , which would approxim ate  
th e  feed in g  p a t t e r n  o f  a le w ife ,  on p assage  o f  food th rough  
th e  stom achs.
E s t im a tio n  o f  the  d a i ly  r a t i o n  in  f i s h e s  i s  d i f f i c u l t ,  
and s e v e ra l  g e n e ra l  methods have been d e v ised  to  conform to  
th e  req u irem en ts  o f  p a r t i c u l a r  s tu d i e s  (Davis and Warren, 
1971). An advantage  o f  the  p re s e n t  method i s  th e  
d e te rm in a t io n  o f  c a l o r i c  v a lu e  o f  stomach c o n te n ts  d i r e c t l y ,  
th u s  acco u n tin g  f o r  d a i ly  o r  se a s o n a l  changes in  q u a n t i ty  
o r  q u a l i t y  o f  p rey .  The method, however, i s  based  on th e  
assum ption t h a t  l a b o ra to ry  ev ac u a t io n  r a t e s  a re  a p p l ic a b le  
t o  the  f i e l d  s i t u a t i o n .
Growth. Mean fo rk  len g th  o f  a le w ife  in c re a s e d  from 48 mm 
in  J u ly  to  74 mm in  September 1972 and from 46 mm in  June 
to  65 mm in  September 1973 ( F i g .10). Mean wet w eigh t 
in c re a s e d  from 1 .5  g in  J u ly  to  5 .9  g in  September 1972 and 
from 1 .4  g in  June to  4 .4  g in  September 1973.
Mean p e rc e n t  w a te r  in  th e  wet w eigh t o f  a le w ife  
dec reased  and p e rc e n t  a sh  in  th e  dry w eigh t a s  w e ll  a s  AF 
c a l o r i c  v a lu e  p e r  g o f  f i s h  in c re a s e d  from e a r ly  simmer 
th rough  September in  bo th  y e a rs  (Table 7 ) .  F a t  d e p o s i ts  
a long  th e  g a s t r o i n t e s t i n a l  t r a c t  o f  f i s h  c a p tu re d  in  
September 1972 and 1973 were e x te n s iv e ,  which may be
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im p o r ta n t  in  the  f a l l  m ig ra t io n  t o  the  se a .  S im ila r  
d e p o s i t s  were n o te d  in  ju v e n i l e  w h ite  bass  p r i o r  to  
o v e rw in te r in g  (W issing , 1974).
Growth in  d ry  w e igh t was r a p id  in  1972, ra n g in g  from
0.012  g /day  f o r  J u ly  - August to  0 .020 g /day  f o r  August -
September (Table 8 ) .  Growth r a t e s  in  1973 d e c rea se d  from 
0.015 g /d ay  in  June - J u ly  to  0 .004  g /day  in  J u ly  - August 
and in c re a s e d  to  0 .011  g /day  in  August -  Septem ber. Growth 
r a t e s  in  b o th  y e a rs  were g r e a t e r  than  th o se  r e p o r t e d  f o r  
j u v e n i l e  b lueback  h e r r i n g  in  the  James R iv e r  d u rin g
com parable time i n t e r v a l s  in  1967 (B urb idge, 1974).
Energy T ra n s fo rm a t io n s . The AF c a l o r i c  v a lu e  f o r  f i s h  
b io c o n te n t ,  i n g e s t i o n ,  e g es tio n , a s s i m i l a t i o n ,  and r e s p i r a t i o n  
f o r  an a le w i f e  in c r e a s e d  over the  sample i n t e r v a l s  in  each 
y e a r  (Table 9 ) .  Growth r a t e s  in  1972, as g - c a l  AF/day, 
i n c r e a s e d  from 65 to  120 du ring  th e  two tim e i n t e r v a l s .
Growth r a t e s  in  1973, however, d e c rea se d  from 86 in  June - 
J u l y  to  24 in  J u ly  - August and th en  in c re a s e d  to  63 in  
August - September.
Growth, as p e rc e n t  o f  a s s im i l a t e d  energy  (n e t  growth 
e f f i c i e n c y ) ,  was h i g h e s t  (70.5%) June - J u ly  1973 when 
r e s p i r a t i o n  (m ain tenance e f f i c i e n c y )  was u n u su a l ly  low 
(29.5%). Gross and n e t  growth e f f i c i e n c i e s  were p o s s ib ly  
o v e re s t im a te d  and m ain tenance  e f f i c i e n c y  u n d e re s t im a te d  
t h a t  sample i n t e r v a l  due to  the  low d a i ly  r a t i o n  c a l c u l a t e d  
f o r  th e  June sample d a te .  Growth f o r  o th e r  i n t e r v a l s  in
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b o th  y e a r s  ranged from 15% t o  55% o f  a s s i m i l a t e d  energy . 
These v a lu e s  a r e  w i th in  th e  range  r e p o r t e d  f o r  o th e r  f i s h e s  
(P and ian , 1967 a ,b ;  Brocksen e t  a l . , 1 9 6 8 ;  Sm ith, 1973; 
W iss in g ,  1974). Growth e f f i c i e n c i e s  a re  t y p i c a l l y  h ig h e r  
i n  younger f i s h e s  (G erk ing , 1959). M aintenance e f f i c i e n c i e s  
f o r  a l e w i f e ,  e x c lu d in g  June - J u ly  1973, ran ged  from 46% to  
85%.
A g r e a t e r  mean p o r t io n  o f  a s s i m i l a t e d  energy  went in to  
a le w i f e  growth in  1972 (48%) th an  in  1973 (37%), and, 
c o r r e s p o n d in g ly ,  a low er p o r t io n  was u t i l i z e d  in  r e s p i r a t i o n  
in  1972 (52%) than  in  1973 (63%). Mean w a te r  tem p era tu re s  
were c o o le r  in  1972 th an  in  1973, a l th o u g h  th e  months o f  
June  and J u ly  1972 were c h a r a c t e r i z e d  by s e v e r a l  p e r io d s  
o f  h ig h  w a te r  due t o  T ro p ic a l  Storm Agnes and o th e r  heavy 
r a i n s .
Energy i s  an o r g a n i z a t i o n a l  f a c t o r  in  e c o lo g ic a l  
sy s te m s . The ways t h a t  energy  i s  p a r t i t i o n e d  in  a community 
w i l l  a f f e c t  th e  s t r u c t u r e  and f u n c t io n  o f  a system .
Knowledge o f  th e  fe e d in g  b e h a v io r  and energy  t r a n s fo rm a t io n s  
o f  b lu eb a ck  h e r r in g  (B urb idge , 1974) and a le w ife  g iv e s  some 
i n s i g h t  i n t o  th e  dynamics o f  th e  f i s h  community in  the  
n u r s e r y  a r e a  o f  the  James R iv e r .  S ince  j u v e n i l e  a lo s in e  
f i s h e s  compose up t o  81% o f  th e  m ainstream  f i s h  biomass 
d u r in g  th e  l a t e  summer in  th e  n u r s e ry  grounds (Hoagman e t  
a l . , 1 9 7 3 ) ,  i n t e r s p e c i f i c  c o m p e ti t io n  i s  m ain ly  among 
b lu e b a c k ,  a le w i f e ,  and American shad (A losa  s a p id i s s im a ) . 
There must be  an e f f e c t i v e  n ic h e  o r h a b i t a t  s e g re g a t io n  to
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m i t i g a t e  c o m p e ti t io n  f o r  bo th  food and sp a c e .
Both j u v e n i l e  b lu eb ack  h e r r i n g  and a le w ife  feed  
s e l e c t i v e l y  on th e  same s p e c ie s  o f  p rey  in  th e  zoop lank ton  
o f  th e  James R iv e r ,  which m ight i n d i c a t e  d i r e c t  c o m p e ti t io n  
f o r  food in  the  l i g h t e d  s u r f a c e  w a te r s .  J u v e n i le  American 
shad a r e  a l s o  p la n k t iv o ro u s  (Hoagman e t  a l . ,  1973). However, 
b lu eb ack  h e r r i n g  t y p i c a l l y  fee d  c o n t in u o u s ly  d u rin g  th e  day 
w i th  maximum stomach f u l l n e s s  o c c u r r in g  a t  s u n s e t  (B urb idge, 
1974). Massmann (1963) r e p o r t e d  g r e a t e s t  stomach f u l l n e s s  
f o r  American shad  a t  dusk, and c o n te n ts  were observed  to  
d e c rea se  d u r in g  th e  n i g h t  u n t i l  most stom achs were empty a t  
midday. A lew ife u s u a l ly  e x h i b i t  a m inor morning and a  m ajor 
a f te rn o o n  fe e d in g  peak  w ith  maximum stomach f u l l n e s s  
o c c u r r in g  abou t t h r e e  hours b e fo re  s u n s e t  in  most m onths; 
some n o c tu r n a l  f e e d in g  on immature and m ature  i n s e c t s ,  
o s t r a c o d s ,  and o l ig o c h a e te s  a l s o  o ccu rs  (C hap te r  I ) .
These d i f f e r e n c e s  in  th e  t im ing  o f  fe e d in g  c o u ld  c o n ce iv a b ly  
l e s s e n  th e  d i r e c t  c o m p e ti t io n  f o r  food.
Blueback h e r r i n g  a re  more abundan t in  s u r f a c e  w a te rs  o f  
th e  James R iv e r  (B urb idge , 1974) and c a t c h  p e r  u n i t  o f  
e f f o r t  f o r  a le w ife  and American shad i s  u s u a l l y  g r e a t e s t  a t  
m idw ater (Hoagman e t  a l . ,  1973). A lew ife  and American shad 
p o s s ib ly  p r e f e r  a m id -dep th  h a b i t a t ,  w i th  ex tended  o r  
i n t e r m i t t e n t  movement to  n e a r  s u r f a c e  w a te r s  p r im a r i ly  
d u r in g  peak fe e d in g  t im e s . These d i f f e r e n c e s  in  th e  
m i c r o - h a b i t a t s  o f a lo s in e s  in  m ids tream  co u ld  l e s s e n  
c o m p e t i t io n  f o r  sp a ce .  The abundance o f  th e s e  sp e c ie s  and
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th e  degree  o f  i n t e r s p e c i f i c  c o m p e ti t io n  among th e  a lo s in e s  
in  sh o a l  w a te rs  o r  sm a l le r  t r i b u t a r i e s  a re  unknown and 
co u ld  a l t e r  th e  above c o n s id e r a t io n s  o f  food and space 
i n t e r a c t i o n s .
A lew ife  t y p i c a l l y  a t t a i n  a much l a r g e r  s i z e  than  
b lueback  h e r r in g  d u r in g  th e  f i r s t  summer o f  l i f e  in  th e  
n u rs e ry  a re a  o f  th e  James R iver  (Hoagman e t  a l . , 1970). 
Growth, as p e rc e n t  o f  a s s i m i l a t e d  en ergy , ranged  from 2.9% 
to  11.0% f o r  b lueback  h e r r in g  d u r in g  th e  summer months o f 
1969, and m ain tenance  e f f i c i e n c i e s  v a r i e d  from 89.0% to  
97.1% (B urbidge, 1974). The v a lu e s  f o r  n e t  growth 
e f f i c i e n c y  f o r  b lueback  h e r r in g  a re  lower th an  th o se  
r e p o r te d  f o r  a le w ife  in  th e  p r e s e n t  s tudy  d u r in g  comparable 
tim e i n t e r v a l s  and s i m i l a r  w a te r  te m p e ra tu re s ,  and 
m ain tenance  e f f i c i e n c y  v a lu e s  were l ik e w ise  h ig h e r  f o r  
b lueback  h e r r in g  than  f o r  a le w i f e .  The low er m ain tenace  
req u irem en ts  f o r  a le w ife  may p a r t l y  e x p la in  th e  observed  
d i f f e r e n c e s  in  p ro d u c t io n  (growth) between th e  two a lo s in e  
s p e c ie s  in  th e  n u rs e ry  a r e a .
The energy t r a n s fo rm a t io n s  o f  ju v e n i l e  a le w ife  in  the  
James R iv er  were fo rm u la te d  from la b o r a to r y  and f i e l d  d a ta ,  
and t h e i r  s i g n i f i c a n c e  must be i n t e r p r e t e d  a c c o rd in g ly .
As in  any b io e n e r g e t i c s  s tu d y ,  c e r t a i n  s im p l i fy in g  
assum ptions and e s t im a t io n s  were n e c e s sa ry  f o r  th e  
c a l c u l a t i o n s .  The r e s u l t s  must be viewed as  t e n t a t i v e  s in c e  
th e  v a l i d i t y  o f  some assu m p tio n s , most n o ta b ly  t h a t  
l a b o r a to ry  r e s u l t s  a re  d i r e c t l y  a p p l i c a b le  t o  f i e l d
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s i t u a t i o n s  (K err, 1971; H ealey , 1972), i s  u n c e r t a i n .  
L ab o ra to ry  e x p e r im e n ta t io n  i s  th e  on ly  method to  a t t a i n  
c e r t a i n  r e s u l t s  s in c e  some v a lu e s ,  such as stomach 
e v a c u a t io n ,  a s s i m i l a t i o n ,  and e g e s t io n  r a t e s ,  would be 
d i f f i c u l t  to  e s t a b l i s h  f o r  a le w ife  in  the  n a t u r a l  
e n v iro n m en t.
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T a b le  3 .  Dry w e ig h t  an d  e n e rg y  c o n t e n t  ( g r a m - c a l o r i e s  a s h - f r e e )  o f  i n g e s t a  an d  e g e s t a
from  j u v e n i l e  a l e w i f e ,  and  p e r c e n t  o f  t o t a l  i n g e s t e d  c a l o r i c  v a l u e  e g e s t e d  and  
a s s i m i l a t e d  a t  e a c h  t e m p e r a t u r e  b a s e d  on s i n g l e  m e a l  e x p e r i m e n t s .  (Numbers i n  
p a r e n t h e s e s  a r e  s ta rfldard  d e v i a t i o n s  f o r  t h r e e  r e p l i c a t e  c a l o r i c  
d e t e r m i n a t i o n s . )
I n g e s t a E g e s t a P e r c e n t
W ate r







C a l o r i c  
C o n te n t  
( g - c a l /  
mg AF)
T o t a l
C a l o r i c
C o n te n t







C a l o r i c  
C o n te n t  
( g - c a l /  
mg AF)
T o t a l
C a l o r i c
C o n te n t
( g - c a l
AF)
E g e s te d A s s i m i l a t e d
20 4 .4 5 .0 7 5
(0 .0 6 0 )
2 2 .3 3 0 1 .1 3 .8 9 3
(0 .1 8 7 )
4 .2 8 2 1 9 .2 8 0 .8
25 5 .2 4 .9 6 2
(0 .0 2 8 )
2 5 .8 0 2 1 .2 3 .9 1 2
(0 .1 8 3 )
4 .6 9 4 1 8 .2 8 1 .8
30 5 .3 5 .2 7 0
(0 .0 6 1 )
2 7 .9 3 1 1 .0 4 .2 1 7
(0 .1 5 0 )













T a b le  4 .  P r e l i m i n a r y  e n e rg y  c o n t e n t  ( g r a m - c a l o r i e s  a s h - f r e e )  o f  i n g e s t a  from  j u v e n i l e  
a l e w i f e  c o l l e c t e d  a t  t h r e e  h o u r  i n t e r v a l s  on 2 7 -2 8  Ju n e  1973 i n  t h e  Jam es 
R i v e r ,  V i r g i n i a .  ( P r e l i m i n a r y  d a i l y  r a t i o n  = sum o f  i n g e s t a  f o r  c o n s e c u t i v e  
24 h o u r s ;  num bers i n  p a r e n t h e s e s  = s t a n d a r d  d e v i a t i o n s  f o r  r e p l i c a t e  c a l o r i c  
d e t e r m i n a t i o n s . )














P i l l s
Mean 
C a l o r i c  
C o n te n t  
( g - c a l /  
mg AF)
T o t a l
C a l o r i c
C o n te n t
( g - c a l
AF)
C a l o r i c  
C o n te n t  
R em a in in g  
P r i o r  3 Hour 
I n g e s t a  
( g - c a l  AF)
C a l o r i c  
C o n te n t  
R em a in in g  
P r i o r  6 Hour 
I n g e s t a  
( g - c a l  AF)
T o t a l
C a lo r i c
C on ten t
( g - c a l
AF)
0400 3 .1 0 .9 2C 4 .3 1 0
(0 .0 7 2 )
3 .8 7 9 - - 3 .8 7 9
0700 3 .3 0 .9 1 4 .6 3 2 4 .1 6 9 1 .7 6 1 - 2 .4 0 8
1000 4 .1 1 .1 2 5 .2 9 1
(0 .0 5 6 )
5 .8 2 0 1 .0 9 3 0 .2 3 3 4 .4 9 4
1300 6 .6 2 .1 3 5 .5 5 8
(0 .1 6 4 )
1 1 .6 7 2 2 .0 4 0 0 .1 4 4 9 .4 8 8
1600 2 1 .0 5 .5 3 5 .5 7 6
( 0 .1 0 6 )
3 0 .6 6 8 4 .3 0 8 0 .2 7 0
t












T a b le  4 .  (C o n t in u e d )














P i l l s
Mean 
C a l o r i c  
C o n te n t  
( g - c a l /  
mg AF)
T o t a l
C a l o r i c
C o n te n t
( g - c a l
AF)
C a l o r i c  
C o n te n t  
R em ain in g  
P r i o r  3 Hour 
I n g e s t a  
( g - c a l  AF)
C a l o r i c  
C o n te n t  
R em a in in g  
P r i o r  6 Hour 
I n g e s t a  
( g - c a l  AF)
T o t a l
C a l o r i c
C o n te n t
( g - c a l
AF)
1900 1 3 .6 3 .8 3 5 .6 2 0
(0 .0 5 0 )
2 1 .3 5 6 1 1 .8 4 5 0 .5 6 9 8 .9 4 2
2200 2 .1 0 .7 2 4 .7 5 2
(0 .0 8 1 )
3 .3 2 6 4 .0 6 0 1 .5 6 5 - 2 299b
0100 2 .1 0 .6 2 4 .5 1 5
( 0 .0 7 2 )
2 .7 0 9 0 .0 0 0 0 .0 0 0 2 .7 0 9
0400 4 .4 1 .4 2 4 .3 1 2
(0 .0 4 6 )
6 .0 3 7 1 .2 3 0 0 .0 0 0 4 .8 0 7













T a b le  4 .  (C o n t in u e d )
a .  Mean w a t e r  t e m p e r a t u r e  = 2 7 .4  C; 45.47. o f  t o t a l  c a l o r i c  v a l u e  o f  s to m ach  
c o n t e n t s  r e m a in s  from  p r i o r  3 h o u r  i n g e s t a  b a s e d  on Y = 1 0 8 .4 0 0 0  -  2 .3000X ; 6.0% 
o f  t o t a l  c a l o r i c  v a l u e  o f  s to m ac h  c o n t e n t s  r e m a in s  from  p r i o r  6 h o u r  i n g e s t a  b a s e d  
on Y = 5 3 .1 6 6 7  - 1 .7200X .
b .  N e g a t iv e  i n g e s t a  c o n s i d e r e d  a s  0 .0 0 0  in  s u b s e q u e n t  c a l c u l a t i o n s .
c .  When an  i n s u f f i c i e n t  q u a n t i t y  o f  d ry  m a t t e r  was p r e s e n t  t o  d e te r m in e  c a l o r i c  
v a l u e ,  a s  o c c u r r e d  o c c a s i o n a l l y  i n  1972 (T a b le  5 ) ,  d ry  w e ig h t  t im e s  an  a v e r a g e  o f  
t h e  mean c a l o r i c  c o n t e n t  o f  a d j a c e n t  sa m p le s  was u s e d  t o  e s t i m a t e  t o t a l  c a l o r i c  
c o n t e n t .
o
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T able  5. P re l im in a ry  energy  c o n te n t  (g ra m -c a lo r ie s  a sh -
f r e e )  o f  i n g e s t a  from ju v e n i l e  a le w ife  c o l l e c t e d  
a t  th r e e  h ou r  i n t e r v a l s  i n  m onthly 27-hour 
s t a t i o n s  d u r in g  1972 in  th e  James R iv e r ,  V i r g in ia .  
(P re l im in a ry  d a i l y  r a t i o n  = sum o f  in g e s ta  fo r  
c o n se c u t iv e  24 h o u r s . )
Stomach C o n ten ts  C o r re c t io n s  In g e s ta
Date and Number T o ta l  C a lo r ic  C a lo r ic  T o ta l
Time Stomachs C a lo r ic  C on ten t C onten t C a lo r ic
(EST) Examined C on ten t Remaining Remaining C onten t
( g - c a l  P r i o r  3 Hour P r i o r  6 Hour (g -c a l  
AF) In g e s ta  In g e s ta  AF)
( g - c a l  AF) ( g - c a l  AF)
12-13 J u l a
0400 14 11.061 - - 11.061
0700 23 19.928 6.039 - 13.889
1000 24 13.742 7.583 1.427 4.732
1300 60 27.724 2.584 1.792 23.348
1600 60 49 .182 12.748 0.610 35.824
1900 41 41 .119 19.560 3.012 18.547
2200 12 14.564 10.127 4.621 - 0 . 184e
0100 8 3 .9 8 4 d 0.000 0.000 3.984
0400 0 
PRELIMINARY DAILY RATION ( z 0400-0100) 111.385
9-10 Augb
0400 20 8.648 - - 8 .648
0700 30 11.404 4.203 - 7.201
1000 3 4 .8 7 3 d 3.500 0.726 0.647
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T o ta l
C a lo r ic
C ontent
( g - c a l
AF)
C a lo r ic  C a lo r ic  T o ta l  
C o n ten t  C on ten t C a lo r ic  
Remaining Remaining C ontent 
P r i o r  3 Hour P r i o r  6 Hour (g - c a l  
I n g e s ta  In g e s ta  AF) 
( g - c a l  AF) ( g - c a l  AF)
1300 13 38.445 0.314 0.605 37.526
1600 30 42.136 18.238 0.054 23.844
1900 21 32.410 11.588 3.152 17.670
2200 4 4 .3 1 2 d 8.588 2.003 - 6 . 279e
0100 47 2.076 0.000 0.000 2.076
0400 17 1.417 1.009 0.000 0.408
PRELIMINARY DAILY RATION ( 2 0700-0400) 89.372
27-28 Sep c
0500 54 26.325 - - 26.325
0800 31 39.427 13.768 - 25.659
1100 5 2 1 .788d 13.420 2.948 5.420
1400 29 51.625 2.835 2.874 45.916
1700 39 81.346 24.014 0.607 56.725
2000 37 70.472 29.667 5.143 35.662
2300 21 14.869 18.651 6.353 - 1 0 .135e
0200 13 4.786 0 .000 0.000 4.786
0500 21 22.291 2.503 0.000 19.788
PRELIMINARY DAILY RATION = ( 2 0800-0500) 193.956
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T ab le  5 . (C on tin u ed )
a .  Mean w a te r  te m p e ra tu re  = 23 .4  C
b . Mean w a te r  t e m p e ra tu re  = 2 6 .0  C
c .  Mean w a te r  te m p e ra tu re  = 24 .4  C
d. See f o o tn o te  c o f  Table  4 .
e .  C onsidered  as 0 .000  in  subsequen t c a l c u l a t i o n s .
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T able  6 . P re l im in a ry  energy  c o n te n t  (g ra m -c a lo r ie s  a sh -
f r e e )  o f  i n g e s ta  from j u v e n i l e  a le w ife  c o l l e c t e d  
a t  th r e e  hour i n t e r v a l s  in  m onthly 27-hour 
s t a t i o n s  d u r in g  1973 in  th e  James R iv e r ,  V i r g in ia .  
(P re l im in a ry  d a i l y  r a t i o n  = sum o f  i n g e s t a  f o r  
c o n sec u tiv e  24 h o u r s . )







T o ta l
C a lo r ic
C onten t
( g - c a l
AF)
C a lo r ic  C a lo r ic  
C on ten t C ontent 
Remaining Remaining 
P r i o r  3 Hour P r i o r  6 Hour 
I n g e s ta  In g e s ta  
( g - c a l  AF) ( g - c a l  AF)
T o ta l
C a lo r ic
C onten t
(g -c a l
AF)
27-28 Jun
0400 40 3.879 - - 3.879
0700 17 4 .169 1.761 - 2.408
1000 30 5.820 1.093 0.233 4.494
1300 34 11.672 2.040 0.144 9.488
1600 35 30.668 4.308 0.270 26.090
1900 24 21.356 11.845 0.569 8.942
2200 47 3.326 4.060 1.565 -2 .299 e
0100 40 2.709 0.000 0.000 2.709
0400 35 6.037 1.230 0.000 4.807
PRELIMINARY DAILY RATION ( s 0700-0400) 58.938
24-25 J u l 1b
0400 31 14.067 - - 14.067
0700 44 25.300 6.288 - 19.012
1000 35 13.998 8.498 0.774 4.726
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T ab le  6 . (C o n tin u ed )
Stomach C onten ts  C o r re c t io n s  In g e s ta
Date and Number T o ta l  C a lo r ic  C a lo r ic  T o ta l
Time Stomachs C a lo r ic  C on ten t C onten t C a lo r ic
(EST) Examined C onten t Remaining Remaining C ontent
( g - c a l  P r io r  3 Hour P r i o r  6 Hour ( g - c a l  
AF) I n g e s ta  I n g e s ta  AF)
( g - c a l  AF) ( g - c a l  AF)
1300 24 17.059 2.113 1.046 13.900
1600 32 54.924 6.213 0.260 48.451
1900 39 22.336 21.658 0.765 -0 .0 8 7 e
2200 42 6 .980 0.000 0.000 6.980
0100 60 3.542 3.120 0.000 0.422
0400 35 10.302 0.189 0.384 9.729
PRELIMINARY DAILY RATION ( 20700-0400) 103.220
21-22 Augc 
0400 49 11.060 11.060
0700 34 27.199 5.121 - 22.078
1000 30 10.058 10.222 0.741 -0 .9 05e
1300 30 24.040 0 .000 0.000 24.040
1600 34 56.044 11.131 0.000 44.913
1900 51 40.869 20.795 1.611 18.463
2200 59 5.944 8.548 3.009 - 5 .6 13e
0100 19 2.623 0.000 0.000 2.623
0400 25 3.209 1.214 0.000 1.995
PRELIMINARY' DAILY RATION ( 10700-0400) 114.112
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
76
T a b le  6 .  (C on tin u ed )







T o ta l
C a lo r ic
Content
( g - c a l
AF)
C a lo r ic  
C on ten t 
Remaining 
P r i o r  3 Hour 
In g e s ta  
( g - c a l  AF)
C a lo r ic  T o ta l  
C ontent C a lo r ic  
Remaining C ontent 
P r i o r  6 Hour (g -c a l  
In g e s ta  AF) 
(g - c a l  AF)
19-20 Sep d
0500 52 17.969 - - 17.969
0800 32 24.548 9.685 - 14.863
1100 31 12.102 8.011 2.228 1.863
1400 12 13.938 1.004 1.843 11.091
1700 30 130.597 5.978 0.231 124.388
2000 37 47.376 67.045 1.375 -21 .0 4 4 e
2300 37 16.875 0.000 0.000 16.875
0200 43 11.190 9.096 0.000 2.094
0500 14 18.929 1.129 2.093 15.707
PRELIMINARY DAILY RATION ( Z 0800-0500) 186.881
a . Mean w a te r tem p era tu re = 27 .4  C
b. Mean w a te r tem p era tu re = 27 .7  C
c . Mean w a te r tem p era tu re = 27 .0  C
d. Mean w a te r tem p era tu re = 23 .7  C
e . C onsidered as 0 .000 in subsequen t c a l c u l a t i o n s .
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T able  7. L eng th , w e ig h t ,  and c a l o r i c  v a lu e  o f  te n  j u v e n i l e  
a le w i f e  c o l l e c t e d  each  month from J u ly  through 
Septem ber 1972 and June th ro ugh  September 1973 in  
th e  James R iv e r ,  V i r g in ia .  (Numbers in  
p a re n th e s e s  = s ta n d a rd  d e v ia t io n s  o f  30 r e p l i c a t e  













P e rc e n t  
W ater 
i n  Wet 
Weight
Mean 
P e rc e n t  
Ash 
in  Dry 
Weight
Mean
C a lo r ic
C ontent
( g - c a l /
g a f )
J u l 1972 50 .9 1.6 0 .380 76.2 10 .0 5477
(208)
Aug 1972 57 .2 2 .6 0.685 73.7 10 .1 5510
(135)
Sep 1972 75.9 6 .1 1.691 72.3 11.2 5843
(113)
Jun 1973 45.2 1.3 0.313 75.9 9 .8 5542
(127)
J u l 1973 57 .3 3 .1 0.797 74.3 10.2 5629
(187)
Aug 1973 60 .1 3.6 0.932 74 .1 10.3 5675
(168)
Sep 1973 6 4 .7 4 .5 1.198 73.4 10 .7 5701
(122)
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Table  8. Growth o f  j u v e n i l e  a le w ife  in  th e  James R iv e r ,  
V i rg in ia  f o r  two time i n t e r v a l s  d u r in g  1972 and 
th re e  i n t e r v a l s  du r ing  19,73.
Time
















12 J u l -  
9 Aug 72 28 24.7 52.5 0 .3 0 .521 0.012
9 Aug- 
26 Sep 72 48 25.2 65 .8 0 .4 1.159 0 .020
27 Ju n -  
24 J u l  73 27 27.6 51.3 0 .4 0.541 0.015
24 J u l -  
21 Aug 73 28 27.4 58 .1 0 .1 0.800 0 .004
21 Aug- 
19 Sep 73 29 25 .4 62.3 0 .2 1.013 0 .011












T a b le  9 . D a i ly  e n e rg y  t r a n s f o r m a t i o n s  by  j u v e n i l e  a l e w i f e  i n  t h e  Jam es R i v e r ,  V i r g i n i a
f o r  two t im e  i n t e r v a l s  d u r i n g  1972 an d  t h r e e  i n t e r v a l s  d u r i n g  1973 . (G ro ss
g ro w th  e f f i c i e n c y  = Growth x ^q q* n e t  g ro w th  e f f i c i e n c y  = - G ro w th .----  x  ^QO;
& I n g e s t a  A s s i m i l a t i o n
m a in te n a n c e  e f f i c i e n c y  = R e s p i r a t i o n  x 1 0 0 . )
A s s i m i l a t i o n
Time I n t e r v a l s
C a l o r i c  C o n te n t  12 
( g - c a l  AF) 9






27 J u n -  
24 J u l  73






F i s h  B i o c o n t e n t 2862 6658 3031 4523 5761
I n g e s t a 201 283 162 217 301
E g e s t a 44 63 40 53 67
A s s i m i l a t i o n 157 220 122 164 234
R e s p i r a t i o n 92 100 36 140 171
Growth 65 120 86 24 63
G ro ss  G row th E f f i c i e n c y 3 2 .3 4 2 .4 3 7 .4 5 3 .1 1 1 .1 2 0 .9 2 8 .4
N e t  G row th E f f i c i e n c y 4 1 .4 5 4 .5 4 8 .0 7 0 .5 1 4 .6 2 6 .9 3 7 .3
M a in te n a n c e  E f f i c i e n c y 5 8 .6 4 5 .5 5 2 .0 2 9 .5 8 5 .4 7 3 .1 6 2 .7
"jvo
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F ig u re  7. E x p o n en t ia l  r e g r e s s io n s  o f  oxygen consumption 
(0) as mg 0 s /g  wet w eigh t f i s h /h o u r  and 
mg 0s /g  dry  w eigh t f i s h /h o u r  f o r  e ig h t  
j u v e n i l e  a le w ife  a t  each tem p era tu re  (T) 
and c o e f f i c i e n t s  of d e te rm in a t io n  ( r 2 ) .  
(C e n tra l  h o r i z o n ta l  l i n e  = mean; hollow  b a r  = 
s ta n d a rd  d e v ia t io n ;  v e r t i c a l  l i n e  = range)
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F ig u re  8. A. E x p o n en tia l  r e g r e s s io n s  o f  wet w e ig h t  o f  
stomach c o n te n ts  rem ain ing  (Y) a t  1 .5  hour 
i n t e r v a l s  (X) a f t e r  end o f  fe e d in g  a t  each  
tem p era tu re  and c o e f f i c i e n t s  of d e te rm in a t io n  
( r 2) ;  B. L in e a r  r e g r e s s io n s  o f  dry w eigh t 
o f  stomach c o n te n ts  rem ain ing  (Y) a t  1 .5  hour 
i n t e r v a l s  (X) a f t e r  end o f  fe e d in g  a t  each  
tem p era tu re  and c o r r e l a t i o n  c o e f f i c i e n t s  ( r ) . 
(C e n tra l  h o r i z o n t a l  l i n e  = mean; ho llow  b a r  = 
s ta n d a rd  d e v ia t io n ;  v e r t i c a l  l i n e  = ra n g e )
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F ig u re  9. L in e a r  r e g r e s s io n s  of mean t o t a l  c a l o r i c
a s h - f r e e  v a lu e  o f  stomach c o n te n ts  rem ain ing  
(Y) a t  1 .5  hour i n t e r v a l s  (X) a f t e r  end o f  
fee d in g  a t  each tem p era tu re  and c o r r e l a t i o n  
c o e f f i c i e n t s  ( r ) .
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F ig u re  10. Length and wet w eigh t o f  j u v e n i l e  a le w ife
c a p tu re d  in  monthly 27-hour s t a t i o n s  d u r in g  
1972 and 1973 in  th e  James R iv e r ,  V i r g i n i a .  
(Numbers in  p a re n th e s e s  = t o t a l  number o f  
f i s h  examined; c e n t r a l  h o r i z o n t a l  l i n e  = 
mean; ho llow  b a r  = s ta n d a rd  d e v ia t i o n ;  
v e r t i c a l  l i n e  = range)
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